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Only the Best Goes Into 
Standard Airplanes 








Every part that goes into Standard Airplanes 
is the best that money can produce or 
purchase. 


The engines are powerful motors, especially 
designed to meet the Standard requirements. 
The frame of the fuselage is made of highest 
quality ash, while the frame of the planes is 
made of finest spruce. 

Every inch of wire is the best that can be. 
made for the purpose. 

Even the treatment which is given to the 
linen covering of fuselage and planes shows 
Standard excellence. ‘The dull-finish var- 
nish with which these parts are painted 
prevents any glare that might become objec- 
tionable or confusing. 


All the way through, the Standard is the best. 


STANDARD AERO CORPORATION 


Factory: Plainfield, N. J. 


Executive Offices: Woolworth Building, N. Y. ee 
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The Hall-Scott, Type A-7a, 100 H.P., Four Cylinder, Airplane 
Engine, is offered as the most ideal equipment the market 
affords, for Army and Navy TRAINING and LIGHT SCOUT- 
ING Machines. 


The design of this engine provides for sturdy construction, coupled with light weight. With 
proper use, 100 hours of actual flying service may be obtained without overhauling. 


Governments that have knowledge of excessive upkeep costs of lighter type, short duration 
engines, of complicated design and delicate mechanism, will be interested in this equipment. 


Total weight, complete and ready for service, but without lubricating oil, 400 lbs. 

Weight per H.P. (Based on actual H.P. development, at 1,300 R.P.M.) 3.50 * 

Consumption gasoline in lbs. per H.P. hour, . . » P ° ‘ 557 
on lubricating oil ‘* = ‘ , . ° : ° 045 


The Perfect Air Starter, used in connection with this engine, will afford ideal starting 
service. Added weight of the starting equipment, complete, 56 Ibs. 


Hall-Scott Motor Car Co., Inc. F. P. Whitaker 
General Offices EASTERN REPRESENTATIVE 
Crocker Bldg., San Francisco, Calif. 165 Broadway, New York City 
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PISTONS 


Made from specially 
developed Sturtevant 
Aluminum Alloy and 
provided with three 


simple piston rings. 























REG. U. S. PAT. OFF. 


B. F. STURTEVANT COMPANY 


Hyde Park, Boston, Massachusetts 
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Speed range with two persons and four hours fuel *38-75 M.P.H. 
Powered with Sturtevant 8 cyl. 140 H.P. Aluminum Motor. 


Unusual Load-carrying and Safety Reserve 


STURTEVANT AEROPLANE CO. JAMAICA PLAIN—BOSTON 
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ACKERMAN WHEELS 


Are not an experiment. They have been successfully tested 
on airplanes under the most adverse starting and landing 
conditions. 
Their development is based on exhaustive tests running over 
a period of four years. 
They combine maximum resiliency and 
strength. In the words of Captain A. W. 
Briggs, formerly of the Royal Flying Corps of 
Great Britain, who tested the Ackerman Wheels 
on U. S. Government Military Biplane No. 76: 


; the wheels proved to do all that was claimed 
for them and more, as their resiliency perfectly absorbed 
all shock before it reached the axle, causing the machine to 
hold the ground after a drop and have little or no tendency 
to bounce, as is the usual case in such landings. Over bad 
ground the uneven surface was, to all intents and purposes, 
smoothed out, causing easy riding to the machine.” 


ACKERMAN WHEELS are built in different sizes 
to carry any load from 500 pounds up to 5 tons. 


THE ACKERMAN WHEEL CO. 


ROCKEFELLER BUILDING, CLEVELAND, O. 














Spherical 
Balloon Fabric 
Standardized 


FTER thorough in- 

vestigation of theory 

and practice here and in 

Europe, we have standard- 

ized our balloon fabrics on 

the bases of tensile strength, 
diffusion and coating. 


Years of successful manu- 
facture of these fabrics 
and of spherical balloons 
have given us the neces- 
Sary verification by experi- 
ence for the principles de- 
veloped in our laboratories. 


Our 80,000 cubic feet 
capacity Good year Spheri- 
cal which won the interna- 
tional race at Parisin 1913 is 
oneofanumberof successes. 


We have since built a 
number of balloons of simi- 
lar type and of various sizes. 


Our aeronautical experts 
will gladly answer inquiries 
regarding our fabrics and 
principles of balloon con- 
struction. 


We manufacture Rub- 
berized Fabric—Spherical, 
Kite and Dirigible Balloons 
ofany size,every ty peand for 
any purpose—sporting, ex- 
hibition, military and naval 
—Aeroplane Tires, Tubes, 
Rubber Bumpers, Rims anc 
other aeronautical supplie 


all 


The Goodyear Tire © Rubber (9, 
Akron, Ohio 
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BALL BEARINGS 


(Patented) 


Aeroplane performance reduces itself 


to a question of engine performance- 
is determined by the 


Dependable 


which, in turn, 
ignition used. 


‘which is pre- 


type of 
engine performance - 


requisite to dependable aeroplane 
demands dependable magne- 


is an identifying mark of 


service 
tos. Here 
such magnetos: 


The magnetos used on automo- 
biles, motor trucks, motor 
boats, aeroplanes and tractors 
of the better class are—almost 
without exception—fitted with 
“NORMA” Bearings, because of 
the superlative service qualities 
of "NORMA” Bearings at high 


magnetos peeds. 


Be Sure—See That 
Your Magneto is 
"yorma” Equipped 


THE NORMA COMPANY OF AMERICA 


i739 BROADWAY 


NEW YORK 


Ball, Roller, Thrust, Combination Bearings 
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COPIES TEN CENTS, CANADA AND FOREIGN: ONE DOLLAR 
AND A HALF A YEAR. COPYRIGHT, 1917, BY THE GARDNER. 
MOFFAT COMPANY, INC. 


ISSUED ON THE FIRST AND FIFTEENTH OF EACH MONTH 
FORMS CLOSE FIVE DAYS PREVIOUSLY. ENTERED AS SECOND- 
CLASS MATTER, AUGUST 3, 1916, AT THE POST OFFICE AT NEW 
YORK, N. Y., UNDER ACT OF MARCH 3, 1879. 














GREATEST ACHIEVEMENT IN AVIATION IN 1916 





SPERRY SYNCHRONIZED DRIFT SET 





Was 
Awarded 


the 


Collier 





Trophy 


For 


Development 


and 
Thorough 


Demonstration 











Automatically Corrects the Compass for All Drift 





THE SPERRY GYROSCOPE COMPANY 


125 Rue De Provence 


Factory, Manhattan Bridge Plaza 
Paris Brooklyn, New York 


15 Victoria Street 
London 
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FOR FURTHER INFORMATION WRITE 


‘THE CURTISS TRAINING SCHOOLS 
CHURCHILL STREET, BUFFALO, N. Y. 
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We give Military Aviation Training at either of our 
Established Schools—Newport News, Va., and Miami, 
Fla, 

imerica Trans-Oceanic Co., 280 Madisun Ave., Neu 
York City, New York Agents. R. V. Morris, Coronado, 
Cal., Pacific Coast Agent. 
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Vol. Il 


| is a gravely critical fact that the Navy Depart- 
ment can only place on file at present applications 

for training from civilian fliers who cannot fly and 

the War Department is in a similar 
Civilian schools are assisting in the training of young 


predicament. 


men who are desirous of entering the services, but 
the facilities of these schools are entirely inadequate 
for the training of the 4000 aviators which the National 
Advisory Committee for Aeronautics has estimated are 
necessary for our Army and Navy. 

The War Department already has more applicants on 
its lists than there is any possibility of its being able to 
train for months. Literally thousands of applications 
for examination for commissions in the Officers Reserve 
Corps are pigeon-holed in the War Department files. 
Until the output of machines is enormously increased 
these applications cannot be acted upon. It has recently 
been publicly announced that all the airplanes and sea- 
planes which the Army and Navy together can expect 
to receive before January 1, 1918, are limited to about 
600. 

Another limitation upon the Government’s ability to 
train fliers lies in its inability to get a large corps of com- 
petent instructors. About five pupils per instructor has 
been found by experience to give the best results. But 
the Government’s corps of flying instructors is unfortu- 
nately small. It has been found that more than one-half 
the civilian fliers who have sought positions as civilian 
instructors for the Government were unable to give mili- 
tary instruction in aviation. 

The rush of young men anxious to learn to fly has 
not been equalled by any rush of mechanics anxious to 
care for airplanes. Civilians anxious to learn to fly are 
easy to find in thousand lots. Mechanies trained in the 
care of aeronautical equipment are lamentably scarce. 
Both the Army and Navy in the regular establishment as 
well as in the Reserves are anxious to secure first class 
machinists, carpenters and engine men. The mechanics 
of an air squadron are almost as responsible for the 
squadron’s success or failure as the aviators. With 
literally thousands of applications on file from civilians 
who wish the Government to teach them to fly, there is a 
noticeable shortage of mechanics of the best type in the 
Army, the Navy, the Naval Reserve and the Signal En- 
listed Reserve Corps. 

But even more important and discouraging than the 
shortage of flying instructors and of mechanics is the 
limited output of machines. The output of airplanes 
must be speeded up. In the first place, standardization 


of parts must be given immediate consideration. It has 
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discussed for the past year. To date, however, practi- 
cally no tables of standard parts are available and even 
where tables are available engineers and draughtsmen 
are reluctant to utilize standard equipment. 

The second thing that can be done to speed up produc- 

tion is the placing of a cash deposit of 25 per cent of the 
purchase price with every order which the Government 
places for aeronautic material. At the present time this 
is specifically forbidden by the laws of the United States. 
Ilowever, it is a practice employed in all daily business 
by every Government which is at war except the United 
States. It is of pressing importance that the practice be 
instituted in this country especially for increasing the 
output of aeronautie material. Only Congressional legis- 
lation will make this possible. 
AND AERONAUTICAL ENGINEERING does 
not pretend that the adoption of standards by 
the constructors or the adoption by the Government of 
the practice of making part payments in advance will 
result in getting a sufficient supply of airplanes for the 
United States. But if the two steps outlined are taken it 
will be a definite help. 


AVIATION 


Meanwhile, mechanics desiring information about en- 
tering the Regular Service or the Signal Enlisted Re- 
serve Corps for aviation duty should apply to the Chief 
Signal Officer, United States Army, Washington, D. C. 
If they wish aviation duty with the Navy either in the 
regular or reserve forces, they should apply to the com- 
mandant of the Naval District in which they reside. 


U.S. A. Aerofoils 


In this issue, our readers will find a report from the 
Massachusetts Institute of Technology on the recent tests 
conducted there on a number of wing sections developed 
by the Aviation Section of the Signal Corps, U. S. A. 
The announcement of these sections marks a distinct ad- 
vance in aeronautical practice. In using the. Eiffel and 
R. A. F. seetions which have been almost universally 
employed hitherto, constructors have had to pay the 
penalty for efficiency and good lifting power by more or 
less successfully combatting structural difficulties. 

The development of these sections will go a long way 
to remove the incompatibility hitherto present between 
aerodynamical excellence and practical facility of con- 
struction. It is too early to say whether some of these 
sections are altogether superior to such well known wing- 
curves as those developed by Eiffel and the R. A. F., but 
further comparative tests are in progress and the indi- 
cation is that the new wing sections will mark a decided 
improvement. 








Six United States 


By Captains Edgar S. Gorrell and H. S. Martin, U. S. 


These wing sections, developed by the Aviation Section 
of the Signal Corps, offer considerable interest both from 
an aerodynamical and a structural point of view. Devel- 
oped partly from the latter point, they have proved to 
be efficient and show very satisfactory lift coefficients. 


Structural Development of the Sections 


In Fig. 1 are shown the dimensioned outlines of the 
six sections tested. Some of the considerations involved 
in developing the sections are interesting. 

The U. 8. A. 1 is a modification of the Clark aerofoil 
(characteristics and dimensions of which are described 
in Hunsaker’s ‘‘ Dynamical Stability of Aeroplanes ”’ 
This was an excellent high speed wing with a maximum 
lift-drift of 18. By increasing the depth at the position 
of rear spar, it was made structurally much more prac- 
tical, the maximum lift was increased and the maximum 
lift-drift ratio only reduced very slightly. 

The U.S. A. 2 has the same upper surface as the R. A. 
F. 3 but the lower surface has been modified and deep- 
ened from a structural point of view, without any loss 
from the aerodynamical point of view. 

The U.S.A. 3 and U.S.A. 4 are both modifications of 
the U.S.A. 2. In the first section, the nose of a 30-in. 
chord has been moved forward 3-in. and the ordinates 
of the first fifth of the 30-in. chord spread out accord- 
ingly. In the U. 8S. A. 4, the nose of a 30-in. chord has 
been moved back %-in. and the ordinates of the first fifth 
of the 30-in. chord crowded out accordingly. 

The U.S.A. 5 was skillfully developed from both strue- 
tural and aerodynamic considerations, with very satis- 
factory results. 

Results of Tests 


The tests were conducted under the standard condi- 
tions. Results for Ky, Ax, L/D and center of pressure 
motion are given in Table 1, and in the curves of Figs. 
2,3 and 4. The wind tunnel speed was 30 m. p. h. i 
every case, and the models 18-in. span by 3-in. chord— 
the dimensions generally employed, and useful on that 
score for purposes of comparison. 

The National Physical Laboratory results, as published 
in the British Reports, are based on LV (chord of wing 
in feet velocity of relative wind in feet/second) values 
of 6.3. In Eiffel’s large laboratory with greater wind 
speeds the values of LV range from 16 to 40. The 
Institute tests are conducted with an intermediate value 
of 11 for LV. It is, therefore, not possible to make 
strictly accurate comparisons without further tests which 
are now in progress at the Institute. It is, however, per- 
fectly clear that, apart from the good structural features, 
the sections have remarkably good aerodynamic prop- 
erties. 

In Table 2, comparative figures for the six sections are 
set out in accordance with the plan employed, in the 
Course in Aerodynamics and Airplane Design (AVIATION 
AND AERONAUTICAL ENGINEERING, October 1, 1916), to- 
gether with values for the R. A. F. 3, R. A. F. 6, and 
Eiffel 32; the drift and L/D values for the latter being 
subject to revision as stated on completion of above tests. 

For none of the wings does the maximum Ky fall be- 
low .003, except almost negligably so for U. S. A. 6. 
For all the wings, there is a wide range of working 
angles. None of them exhibit a sharp drop at the bur- 
ble point. With the exception of U. S. A. 4, they all 
Peabody, Professor of Naval 


Department of Aeronautical Engineering, 
Abstract by Alexander Klemin 


S By permission of Professor C. H. 
Architecture, in Charge of 
Tecnnology. 


Massachusetts Institute of 
and T. H. Huff. 








Army Wing Sections 


A. 


have good maximum values of L/D at the small value of 
Ky 00086. From the center of pressure curves jp 
Fig. 4, it is seen that none of the wings may be said to 
be longitudinally stable, but none of them have a violent 


center of pressure motion within the usual range, and 


rABLE 2 























Maximum L/D Maximum A K 00086 
: as i 
L\ l 
f wing in Angk Angle | |} Angle 
Aero- | ft. Xre- | in K, |L/D in | Ky |L/D| in |L/D 
foil lative degrees jdle ol Ides es 
wind in | } 
It. /sec. | 
ore poe a ee 
U.S.A. 1 l 3.0 |.00133 117.8 | me | 0031 8 9.6 | +0.62 hing 
U.S.A. 2 1] t.0 00169 |16.3 0 | om 19.3 |+0.0 19.9 
U.S. A.3 1.0 |.001704|16.4 | 13.6 |.003243 so 9.8 1-0.3 110.4 
U.S.A. 4 $.0 |.00177 |15.88 4 = tomes 9 1 |—0.35 | 9.1 
U.8.A.5 l 0 001565) 16.2) 14.0 003285/9 . 25) —0.18 111.8 
U.S. A.6 0 |.001455]17.4 | 14.0 | 00298 F 37/+0.1 13.3 
Foreijn Sections 
Maximum K Maximum L/D | K, =.00086 
L\ chord 
f wing in| Angl Angle | Angle | 
Aero- ft. X re- in K L/D in K L/D in L/D 
foil lative degree degrees | |\degrees 
wind in | 
se | | 
. - c. : a ; 2a 
— | 
Eiffel 32 19 (0.00280 ; 3.0 {0.00103}/18.2} 2.2 [18.0 
R.A.F.3.) 6.3 15.7 |0.00347/ 7.8} 5.0 |0.00195]14.3/—0.1 | 7.4 
0.00310} 7.8 | 4.9 |0.00157|14.6} 1.9 {10.4 


R. A. F. 6 6.3 15.4 
| | 





with modern non-lifting tail surfaces, no difficulty would 
be met in securing longitudinal stability. 

[t is noteworthy that the U. S. A. 4 has a higher maxi- 
mum lift coefficient than almost any wing section tested, 

.00364, compared with .00347 of the R. A. F. 3. It 
should have an L/D of approximately the same value 
and is far better structurally. This wing would seem 
to be particularly suitable for very heavy machines, such 
as seaplanes. 

U. S. A. 1 has a higher lift than Eiffel 32—namely, 
.00318, compared with approximately .00280, and its 
maximum L/D of 17.8 would, in the Eiffel tunnel, prob- 


ably exeeed the 18.2 of the French wing. Although for 
smali values of Ay and high speeds, the Eiffel 32 has 


better efficiency, U.S. A. 6, also with a higher maximum 
lift, would compare most favorably in a high speed ma- 
ehine with any French wing of which data has hitherto 
been published. For pursuit machines, the choice be- 
tween U. S. A. 1 and 6 would be very close. U.S. A.1 
would give a better landing speed and U. S. A. 6 is slight- 
ly more efficient at low angles and high speeds. 

U.S. A. 2 and 3 would be good all round wings appa!- 
ently slightly better than the R. A. F. 6 

An interesting feature of the series is the successful 
employment of heavy camber on upper and lower sur- 
faces. It has been commonly accepted that heavy cam- 
ber meant increase in lift with corresponding decrease 
in efficiency, while lightly cambered wings would give 
high efficiency but low lift. With skilful design, it 1s 
apparently possible to retain both good features. 
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AERODYNAMIC LABORATORY TESTS 











































































n 
0 
it TABLE 1. 
d 
7. a am 2, U. S. A. 4 
Distance of C. P. Distance of C. P. 
= from leading edge, from leading edge, 
in fractional part in fractional part 
86 L of 3 K K L/D of chord. L of 4 K, K L/D of chord. 
— ; eal ; — 4° —.000123 .0001640 —0.75 is 
-¢ ~ Gennes —— = aes —2 0005200 0001150 4.52 .670 
at dh peepee panes pen poe —1° .0007650 .0001078 7.11 525 
—1° -000432 —— ree — 0° .0009750 .0001032 9.44 461 
D 0° -000721 Gosgess =m — 1° .0011840 0001002 11.80 .416 
1° cocees —— — = 2° 0013820 0000995 13.90 388 
a ponies ponent “4 — 4° 0017700 0001115 15.88 .347 
4 C0160 poner egg yor 5° .0019800 .0001340 14.80 .330 
- : 6° .001878 0001158 16.20 .316 ge 0025600 0001900 13.50 _298 
9 8° pecronned —— — = 10 0029900 0002555 11.70 .273 
9 10° -002580 pennies a. —_ 12° 0033100 0003100 10.67 .276 
4 12° 002910 0002595 11.20 a 14° 0036000 0003545 10.15 .276 
l 14° -003165 0003040 10.40 a4 16° 0036150 0004430 8.15 .276 
8 | 16° 003165 00037 10 8 50 S76 18° 0034700 0005580 6.22 303 
3 18° 003080 0005520 5.60 3 10 20° .0031000 .0007640 4.06 .335 
20° 002882 0008500 3.40 360 
- U. S. A. 6b 
Distance of C. P. 
36 U.S. A. & from leading edge, 
= Distance of C. P. ; in fractional part 
from leading edge, L of i & K L/D of chord. 
in fractional part —4° — .000326 .0001500 —] 58 
D L of ¢ K K L/D of chord. — 2° 000346 -0000948 3.64 . 753 
—1° .000636 .0000830 7.67 .566 
= 4° 000228 000147 —1.55 sara 0° .000910 .0000741 12.28 .498 
>? .000363 .000108 3.37 733 .001145 .0000803 14.28 .444 
—1° 000625 0000943 6.64 522 3° .001355 .0000863 15.72 .415 
6 0° .000862 0000872 9.88 445 3° 001565 0000966 16.21 .377 
v 1° .001075 0000816 13.26 388 af 001740 0001092 15.98 .348 
4 2° 001292 0000848 15.22 352 5° 001950 0001290 15.35 .337 
+ | 4° 001678 0001027 16.34 .317 8° .002470 .0001830 13.52 .315 
2 6° .002090 0001320 15.80 292 10° .002870 .0002380 12.08 .303 
: | 4 002432 000175 13.88 .276 12° .003130 0002890 10.84 .300 
] 12° 003179 000270 11.75 255 13° .003240 .0003290 9.84 298 
16° 003362 000410 8.20 247 14° .003285 0003545 9.25 . 288 
18° 003100 000701 1.41 228 15° 003235 .0003910 8.28 . 292 
- 20° 002770 000871 3.18 . 230 16° 003205 .0004210 7.63 .298 
4 18° .003150 0006900 4.57 .330 
t 20° .002790 0008200 3.41 .368 
e 
n 
1 l & 2 
Distance of C. P. U. & A. ¢ . . 
from leading edge, Distance of C. P. 
’ } in fractional part one fending edge, 
S new K K L/D pepe y in fractional part 
: L of i K K L/D of chord. 
—4 — .000506 OO01L5S89 3.19 bins ow 4° — .000276 0001395 —1.98 ee 
r —2° 000420 0001052 3.99 676 — 3° 000272 0000793 3.43 910 
5 | om 000692 0000845 8.20 .482 —1° 000567 0000671 8.46 600 
1 / 0 000928 0000835 11.10 103 0° .000845 .0000650 13.00 .498 
: yy 001123 0000856 13.10 .353 1° 001057 0000668 15.88 .458 
Y 001310 0000889 14.75 323 2 001255 .0000733 17.15 .439 
D 3° 001508 0000893 16.16 295 3° 001455 0000858 16.98 402 
- 4 001704 0001073 15.88 . 280 4° 001662 0000976 17.05 388 
| a 001919 0001180 16.18 . 260 5° .001846 .0001121 16.48 .365 
é 8 002520 0001823 13.82 . 230 a .002415 .0001665 14.50 .322 
10° 002905 0002290 12.70 . 220 10° .002650 .0002160 12.27 . 306 
12° 003160 0002830 11.15 208 12 .002861 .0002820 10.15 .310 
e 13° 003235 0003142 10.30 204 13° .002910 .0003260 8.94 .310 
4° 003240 0003410 9.50 .197 14° .002980 .0004050 7.37 .310 
15° 003215 0003780 8.50 .197 15° .00296C .0005390 5.58 .328 
16° 003155 0004460 7.02 197 16° .002900 .0006380 4.55 346 
- 18° 003125 0006620 4.73 236 18° .002790 .0007900 3.53 365 
. 20° 002889 0008570 3.37 . 266 20° .002585 .0009000 2.88 .388 
p L of i = Angle of wing chord to wind. L/D = Ratio of lift to drift. 
Ky = Lift coefficient in Ibs./sq. ft./ MPH. Model: Size, 18” x 3” (54 sq. in.). Material, Brass. 
3 Kx = Drift coefficient in Ibs./sq. ft./ MPH. Velocity of wind: 30 MPH 


Density of satandard air: .07608 lbs. /cu. ft. 
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Course in Aerodynamics and Airplane Design’ 


By Alexander Klemin, A.C.G.1., B.Se., $.M. 


Instructor in Aeronautics, Massachusetts Institute of Technology, Member of the Aeronautical Society of 
Great Britain and Ireland, 


and 


T. H. Huff, S.B. 


Instructor in Aeronautics, Massachusetts Institute of Technology 


Within the limits of one section it is impossible to treat 
adequately all the data on materials required for airplane 
construction. ‘The data included here will be sufficient for the 
purpose of our design, however, and a number of refer- 
ences are appended. For practical work, the designer must 
procure all necessary handbooks, make tests of his own special 
fittings, and generally collect his own data. 


The Special Utility of Wood in Airplane Construction 


It is the remarkable strength for its weight which makes 
wood so useful in airplane construction. If we compare spruce, 
weight per cubic foot 26 lb., tensile strength 9000 Ib., with 
mild steel weighing 490 Ib. per cubic foot with a_ tensile 

- =— ace will bee. ae 28 
strength of 60,000 lb., the spruce will be 60,000 Noa = = 
times as strong for the same weight. 

The selection, mechanical properties and correct structural 
employment of timber are, however, inexhaustible subjects, 
and the following notes are the barest summary of the factors 
the designer must have in mind. 


Weight of Wood 


The weight of wood varies greatly for the same species and 
for portions of the same tree. Sapwood is heavier than heart- 
wood, summerwood than springwood. Green timber naturally 
weighs more than dry timber, due to the presence of sap and 
moisture. The ultimate wood fiber of all species has a specific 
gravity of 1.6, so that no wood would float in water were it 
not for the buoyaney of the air present in the cells and walls. 

The weight of wood is experimentally determined by sub- 
jecting thin dises to an oven temperature of 100° Cent. until 
they cease to lose weight by evaporation of moisture. But 
even with this provision, the results will be extremely variable, 
and the value usually assigned to a given species is simply the 
average of a large number of tests. Table 1, taken from a 
Bulletin of the Forestry Division, United States Department 
of Agriculture, will give values sufficiently accurate for design. 

Weight is a good indication of the strength of wood, pro- 
vided the amount of moisture contained is known. As a gen- 
eral rule, we may say that a comparison of two woods, each 
containing the same percentage of moisture, will show the 
heavier to be the stronger; in fact, the strength will be very 
nearly proportional to the weight. 

TABLE 1 
Specific Gravity and Weights of Woods 
Specific gravity 


Dry woods Wt. per cu. ft. lb. 
38. 


sh, American white .610 
Balsa... 6.5 104 
Boxwood..... 60. 960 
yherry...... 42 672 
Chestnut 41. .660 
ae 15. . 250 
Elm... . 35. 560 
Ebony... 76.1 1.220 
Hemlock... . 25. 400 
Hickory... .. 53. 850 
Lignum-vite....... 83. 1.330 
Mahogany, Spanish 53 850 
Mahogany, Honduras 35. . 560 
Maple. . 49, 790 
Oak, live....... 59.3 950 
Oak, white... 18. .770 
lak, red... 40. 640 
Pine, white....... 25. .400 


ne 


*This Course commenced in the August 1, 1916, issue of AVIATION 
AND AERONAUTICAL ENGINEERING will be completed in 24 issues. 


Copyright, 1917, by A. Klemin. 
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Pine, yellow. 34.3 .550 
ine, southern 45. .720 
Sycamore. . 37. .590 
Spruce. 25. -400 
Walnut. 38. .610 


Factors in the Mechanical Properties of Woods 
The strength properties of wood depend on (1) correct 
identification of species and variety; (2) age and rate of 
growth; (3) position of test specimens in the tree; (4) mois- 
ture content; (5) relative freedom from defects, such as 
knots, ete. 
Tensile Strength 


Tensile tests are diffieult because tests cannot be devised that 
do not involve either shear along the grain or compression 
across the grain. It is for the same reasons that wood may 
be unsuitable in tension, though it is apparently strong under 
such a stress. 

Failure in tension along the grain involves principally the 
resistance offered by the wood elements to being torn apart 
transversely or obliquely. The strands of wood elements are 
practically never pulled apart by failure of the union between 
adjacent strands or fibers. "a 

Cross grain is prejudicial to tensile strength and rays, ow- 
ing to their transverse position with respect to a load applied 
along the grain, and small resistance to tension in a direction 
normal to the direction of their fibers greatly weaken the 
timber. IKXnots weaken wood subjected to longitudinal tension. 


Compressive Strength 


Individual fibers act as so many hollow columns bound 
firmly together, and failure involves either buckling or bend- 
ing of the individual fibers or bundles of elements which 
finally come to act almost independently. 

Compressive strength depends on a number of factors: (1) 
density; (2) strength of union between individual fibers as 
affected by moisture content; (3) stiffness of wood fibers 
(again largely a matter of moisture content); (4) continuity 
of the course of longitudinal strands in a direction parallel 
to axis of the piece. Woods in which separate elements are 
closely interlaced and bound together will be stronger than 
woods of opposite character. 

The strongest woods in compression with the grain are, 
roughly, in the following classes: 

(1) The dense and tough hickory, birch, hard maple, ete.; 
(2) oak, elm, ash; (3) spruce, pine and fir. 


Crushing Across the Grain 


Crushing strength across the grain is dependent practically 
entirely upon the density of the wood. Crushing strength 
across the grain is, therefore, least for the lightest, most porous 
woods, and greatest for heaviest and densest woods. 

Compressive strength across the grain is to compressive 
strength along the grain as 13 to 14 per cent for white pine, 
cedar, cypress and spruce, 15 to 16 per cent for the various 
grades of hard pine, 18 to 26 per cent for elms, 21 to 26 per 
cent for ash, 22 to 26 per cent for oaks, 23 to 31 per cent for 
hickories. 


Strength in Bending 


In considering the strength of a wooden beam in bending, 
several difficulties occur. Longitudinal shear is very important. 
A wing spar may be amply strong in bending, and yet if 
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highly channeled out fail by longitudinal shear. The tensile 


fiber strength of wood is much in excess of the compressive 
stress, but even if the compressive fiber stress of wood is em- 
M 


° . > shy . . . . 
ployed in the formula f at it is no true criterion. 


If this 


formula is employed for strength computations in bending, it 
is assumed that the material is still behaving elastically up to 
actual failure, and therefore that the fiber stress is still di- 
rectly proportional to the distance of the fiber from the neutral 
axis. As a matter of fact, the elastic limit of the material 
may have long been passed when the breaking load is reached, 
the neutral axis may have shifted, and the extreme fiber may 
be no longer proportional to the bending. Therefore, in stress 
calculations for wing spars, these considerations should be 
applied, making use of the modulus of rupture—for which 
values are given in Table 2—deduced from actual bending 
tests, which are far more trustworthy guides. 


Knots 


Knots originate in the timber cut from the stem or branches 
of a tree because of the encasement of a limb, either living or 
dead, by the successive animal layers of wood. Most limbs 
originate at the pith of the stem, and the knots found deep 
in a log are therefore small, increasing in size toward the bark. 
So long as the limb is growing, its layers of wood are a con- 
tinuation of those of the stem. But a majority of the limbs 
die after a time, and if a portion of a dead limb is subse 
quently encased by the growing stem, there will be no intimate 
connection between the new stem wood and the dead wood of 
the limb, and a board so cut as to intercept this portion of th 
log will contain a loose knot. A board cut from the log at 
such a depth that the limb is intercepted at a point where it 
was encased while still living will contain a sound knot, unless 
the knot has rotted, become badly checked, or contains a large 
pith cavity. 

A sound knot is usually harder than the surrounding wood, 
and in coniferous woods is apt to be very resinous. On this 
account it may constitute a defect because of its non-retentiv- 
ity of paint or varnish. Otherwise it constitutes a defect only 
on account of the disturbance to the grain and diflieulty caused 
in working, or in the event of its occurrence on the under sid 
of a timber used as a beam, a weak point exists, owing to its 
small resistance to tensile stress. A knot constitutes an im 
pediment to the splitting of timber, since the fibers of the stem 
wood above a limb bend aside and pass around the limb, while 
the fibers below run continuously into the limb. Thus it often 
happens that a cleft started above a limb will never run into 
a knot, but one started below is very apt to do so. 


The Effect of Moisture on Strength of Wood 


Loss of moisture does not affect the strength of wood in 
any way, until the total moisture content has been reduced 
below the critical percentage, which represents the fiber-sat- 
uration period. Beyond this point, progressive loss of mois- 
ture affects the strength very considerably. Thus the strength 
of green wood is only 50 to 60 per cent of normal air-dry 
conditions (12 per cent moisture), while the strength of kiln- 
dry wood exceeds the strength of air-dry woods by some 50 
to 70 per cent. 


Time Factor in Tests of Timber 


Timber differs from most other materials in that small 
variations in the rate of application of load have a more 
pronounced effect upon the strength and stiffness shown by 
a specimen under test. If a timber-compression block or 
beam is loaded rapidly, it will appear to have a higher elastic 
limit and ultimate strength, and will also appear to be stiffer, 
than it will if loaded less rapidly. This is due to the fact 
that the deformation lags far behind the load, and if any 
load is permitted to remain upon a specimen for a time the 
deformation increases, the amount of increase becoming greater 
for heavier loads. Actual failure appears to be consequent 
upon the attainment of a certain limiting amount of deforma- 
tion or strain, rather than a limiting load or stress. 


Difficulties of Wood Construction in Airplanes 


The comparative values of Table 2 demand the most care- 
ful study. A certain type of timber may be most suitable 
for the direct stress to which it is subjected, yet fail completely 
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under certain indirect stresses, either inherent in the construe. 
tion or due to faulty design. For example, at the hinging 
of a wing spar to the body, if the bolts are not correet} 
placed, they may shear out the wood. These points will he 
considered in detail in the design, but enough has been gaiq 
to show the value of studying not only the direct stresses op 
a piece of timber in a machine, but also the indirect streggeg 
producing crushing across the grain, shear, ete. 


Strength Values for Timber 


In no material are such conflicting values given by various 
authorities as for timber. The size of the specimen under test, 
the dryness, the method of applying the load, and its previous 
history, all tend to introduce discrepancies. Until the Bureay 
of Standards, or some other testing laboratory, has gone thor. 
oughly into the question, all the values employed by airplane 
constructors will be open to suspicion. Table 2 is a summary 
of information taken from various sourees. This table is not 
unimpeachable, but it approximates closely values used in 
current practice. In airplane design, fiber stress is still taken 
as a eriterion, without due consideration of the modulus of 
rupture. 


TABLI 
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> 000 600 9.000 15,660 


|. OOO 1.600 1.200 


550,00 


000,000 


600,000 


1.000 1.600 §. 600 10,000 


5.000 1.800 , 500 11,700 


S00 700 5.700 7,400 


,000,0W 


0.000 7.000 8.800 


O00 » 9 11.000 15,000 . 1,600,000 


11,000 — 1,250,000 


12,000 | 1,600,000 


16.000 Ss 2OO 
1L5O Lo i.lou0 606 


10,600 1,900,000 


15.000 2 7.000 


> 000 1.1 5.400 1.760 1,600,000 


5.000 | 1,100,000 


1 800,000 


000 ! ) 5,000 
9.000 i 6.500 9 P00 


Acknowledgement is due Prof. W. H. Keith for collabora 
tion on brief notes on timber. 


Wires and Cables 


The following terms are in common use: (1) “ Solid wir 
stay” or “aviation wire” of one wire of suitable diameter; 
(2) “strand stay,” consisting of either 7 or 14 wires stranded 
together and known to the trade as “aviation strand”; (3) 
“cord” or “rope stay,” consisting of 7 strands twisted te 
gether, forming a rope, the strands being either 7 wires or 19 
wires; (4) “ flexible cord,’ composed of six strands of sevel 
wires, with a center of either cotton or wire, as ordered. The 
cord with the cotton center is considerably more pliable than 
that with the wire center. ~ 

Vanadium steels and other special steels have not as yé 
become established as desirable wire steels, and carefully made 
high-grade carbon steel is at present most largely employed 
the manufacture of wires and cables. 


Properties of Metals 


Only the briefest outline ean be given of the metals that ar 
commonly employed in airplane construction. To enter int 
any adequate discussion of this branch of the work would 
require a book in itself. The constructor must keep constantly 
before him some standard book on this subject and at the sam 
time resort to strength of material and part tests whenevé 
new combinations are to be employed in his design. 
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The following table of weight and melting points for various 
metals may be of service: 


Weight per Weight per Specific Melting point 
Metal. cu. in, cu. ft. Caa- a. 

 CCTe anne tae 166 R 1215 
— Te »'e.aie, ee 418 6.70 786 
Bismuth... .. . ee 607 9.74 516 
Brass, cast. ee 504 8.10 1,635 
Brass, rolle id. , . 303 524 8.40 cea 
Bronze, gunme tal. 305 529 8.50 1,800 
Copper, cast. cose .314 542 8.70 1,980 
Copper, cold. . oes .321 990 8.90 ee 
Duralumin........... 103 178 2.85 (approx.)1,300 
Gold, 24 carat... 694 1,204 19.26 1,950 
Iron, cast... 260 450 7.21 2,012 
Iron, wrought 278 480 7.70 2,912 
Lead, cast. icaon Sane 710 11.38 621 
ommey 60° Fahr.....  .489 846 13.58 ree 
Monel metal .320 553 8.85 2,480 
Platinum...... .779 1,342 21 .50 3,236 
Silver. . | 1378 655 10.50 1,762 
Steel, rolle “d 283 490 7 85 2,552 
Tin, cast... 266 459 7.35 450 
Zine, cast 248 429 6.88 786 

TABLE 3 


Strength and Weights for Wire and Cables 


Sotip WIRE 


Roebling Solid Wire 

Diameter Breaking strength Approximate weight 
of cord, of cord, per 100 ft 
Inches Pounds Pounds 
1/16 400 yf: 3 
5/69 480 .83 
3/32 780 1.30 
7/64 830 1.50 
1/8 1,150 2.20 
5/32 2,200 4.20 
3/16 2,750 5.30 
7/32 4,000 7.43 
1/4 5,000 4.50 
5/16 7,900 15.00 

Aviator Wire STRAND 
Roebling’s 19 wire galvanized 

1/32 (7 wire) 185 0.30 
1/16 500 0.78 
5/64 780 1.21 
3/32 1,100 1.75 
7/64 1,600 2.60 
1/18 2,000 2.88 
5/32 2,800 4.44 
3 16 4,200 6.47 
7/32 5,600 9.50 
1/4 7,000 12.00 
9/32 8,000 14.56 
5/16 9,800 17.71 
11/32 12,500 22.53 
3/8 14,400 26.45 


American Steel and Wire Co. galvanized (19 wire) airplane strand 


1/32 (7 wires) 125 23 
1/16 500 .89 
3/32 1,100 1.70 
1/8 2,000 3.3 

5/32 3,000 5.1 

AVIATOR CORD 
Roebling’s 7 by 19 heavily tinned 

1/8 2,000 2.88 
5/32 2,800 4.44 
3/16 4,200 6.44 
7/32 5,600 9.50 
1/4 7,000 12. 00 
9/32 8,000 14. 56 
5/16 9,800 17.71 
11/32 12,500 22.53 
3/8 14,400 26.45 


FLEXIBLE Corp 


Roebling extra flexible aviator cord, 6 x 7 cotton center 


5/16 9,200 16.70 
1/4 5,800 10.50 
7/32 4,600 8.30 
3/16 3,200 5. 80 
5/32 2,600 4.67 
1/8 1,350 2.45 
7/64 970 1.7 2 
3/32 920 1.45 
5.64 550 .93 
1/16 485 .81 


American Steel and Wire Co. galvanized or turned flexible cord 


3/16 (19 x 7) 2,600 5.52 
5/12 (19 x 7) 1,800 3.85 
1/8 (19 x 3) 1,150 2.45 
3/32 (12 x 3) 725 1.55 


Wire, Strand or Cord 


Roebling’s report does not settle the question as to which is a 
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correct selection. 


A comparative table shows the progressive 
decrease in strength. 


Material. Diameter. Strength of material. Strength of stay 
Jire 3/16 5,500 5,100 
Strand 3/16 4,600 4,100 
7 by 19 cord 3/16 4,200 3,500 


A stranded or cord stay has about 20 per cent more aero- 
dynamical resistance than a solid wire of about the same 
diameter. There appears to be a slight advantage in favor of 
solid wire as regards strength of stay. On the other hand, the 
strand stay is one and a third times more elastic, the cord one 
and three-quarter times more elastic than the solid wire. In 
American practice all three types of stays appear. No doubt 
the use of strand or cord is justified by the extra elastic stretch 
and flexibility. 

Exact data on the fatigue values of the three materials is 
not available, but it is well known that strand or cord will 
stand up ‘much better to vibration than a wire. Also in a 
continuous beam structure such as that of a wing, there may 
be deflections of unknown magnitude, in which case the more 
elastic cable will be somewhat safer. On the other hand an 
exposed cable is liable to damage. <A single small wire of one 
strand may be damaged and lead to the eventual destruction 
of the whole cable. In the covered in body a cable is not likely 
to be damaged. The problem is by no means settled yet, and 
only comparative experience in actual flight and further experi- 
mentation can give a definite solution. 


Turnbuckles 


The breaking strength of turnbuckles made of precisely the 
same material will vary enormously with every type of con- 
struction, and the makers’ catalog or data sheet has to be con- 
sulted for every special case. In Figs. 1 and 2 are shown two 
representative types, the Curtiss and the National, Burgess, 
Meyer, Binet types. The weights and strength values are 
fairly representative of what can be obtained from this impor- 
tant brand of airplane material. In Table 4 are given results 
of tests on some specimens of the Standard Serew Co. of 
Pennsylvania: 

TABLE 4 


Standard Screw Co. Turnbuckles 


Manufacturer Mean break- Mean break- 


Initial shank Weight in lb 
number, ing load. ing load from test. 


area per su. in. Long,barrel male 
122 


326 2,150 2,432 -01864 .122 
327 ‘ 2/850 3,496 .0260 . 167 
328 3,500 4,605 .0350 . 232 
329 5,000 6,545 -0515 .275 
330 j 840 9,530 .0794 .411 


Mean tensile strength of shank, 128.610 lb. per su. in. 
cent. nickel steel, heat treated; barrel, robin bronze. 
short and long male and female ends. 


Material—shank, 31% per 
Turnbuckles are made in 





Strength of Sq. Inch 

Tension Compression Shearing 

Ultimate Ultimate Ultimate 

yield point. yield point. yield point. 
0.05 % C for rivets..... 45,000 22,000 70,000 40,000 45,000 22,000 
0.10% C boiler plate... 55,000 30,000 95,000 65,000 50,000 28,000 
0.25% C structural.... 65,000 34,000 110,000 85,000 55,000 32,000 
0.40% C rails.. ! 70,000 45,000 120,000 90,000 60,000 35,000 
0.90% C mac hine ry 90,000 70,000 140,000 110,000* 70,000 *45,000 
1.00 to 2.00% tool..... 150,000 none 200,000 none 120,000 none 


*When well annealed. 


Modulus of elasticity. 


Direct Shearing 
0.05% C. - 26,000,000 13,000,000 
0.10% C... ... 28,000,000 13,500,000 
4 + Pree P ..... 80,000,000 14,000,000 
0.40% C... .. 30,000,000 14,000,000 
0.90% C.. eee . 32,000,000 14,500,000 When well annealed. 
1.00 to 2.00% C. 35,000,000 16,000,000 When hardened. 


Modulus of Rupture 
. 1.0 8.) 


errr rer rrr rr eee ere eee (t. 

For squares..... erro ery er heer ees” 1.2 (t.s.) 
For high rectangles... . eee eet ee ere eee | pines 1.5 (t. 8.) 
For rounds and diamonds.............cceccececceceacuces 1.8 (t. 8.) 


Strength of Steel Castings—-Wel! Annealed—Lbs. per 
Square Inch 


Small Castings 


Tension Compression _ Sheari 
Ultimate yield point Ultimate yield point Ultimate yield point 
60,000 , ’ 5,000 J y 
Dies Oe I OD oa. 6.505 50056 6:0-05990 060 crn C aE RERE 29,000,000 
Modulus of elasticity (shearing)... .............ssseeeeee eee eneeees 13,000,000 


Modulus of rupture in same ratios as above. 
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No. Inch Stress 
| in 
Spec|ial 7%4/4 lo 8 > } 320 ; » z 61 Bl eile 24 8846 |Cabl 
3 326 \8 4 is i's a # 3 159) 203) 4 8 LO ‘ fej Lboqil4 30 } 2183 1 
| : a ‘ lé in I . 
‘ 4 327 7HI4 ly 6|#} #8] *& |.187 234 } 4 : «| 4/1341 28 3037 |Cable 
5 328 7HI4 le uik . Me 1.215 265| *& . : A 4 4 ‘ 14) 4 |1 yl HI 26 =| 3993 | 
6 329 I7H#/14 |%1%/ HIB 258 ‘ " ‘ : | Silasilave| 24 | 5750 
v LOGA 
326-S 3/2 a is 8 , 5 159 ‘ 103 A 0 2} bi | 4 30 2183 |Wire 
SC; A 
327-S |4%/2%) 6|# i a fs |.187 234 M4 } 28 3037 | Wire 
Material Mang. Bronze and 55-Ton Steel 
Fig, | Curtiss TURNBUCKLES 
o- — 
¥ 
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A EE Oe en ee —— —_ él 
- d, 
j Y \ 
x ———_ \ 
mene | jf Li a y ‘ 
a ~— | 
se = }] 
AAS + J 
/ \Y 
plc oionl 
~ 
| >| 
< H _- ——_—— — > 
SPECIMEN I H di lg ls Weig s Estimated Load, iarks 
Pounds ] 
Set en ae h=—- iii i f 
National No. 32 2 30 28 2 039 1250 Failure in shank. I 
National No. 327 2 2.50 4 2 } 6 161 2200 Yield in barrel. | 
a oe a . oe “i a ae { 
National No. 328 ».00 2.75 18 7 a 27 6 9) 2800 Yield in barrel. 
National No. 328 5.00 2.80 16 38 22 7 242 2200 | Low value due to ds { 
National No. 329 6.00 3.25 5 7 85 6 4000 Yield in barrel. ] 
ee St mers ee on eet ta ae I 
A. J. Meyer No. 3. 2.35 1.30 28 2 ) { 037 1200 Yield in barrel. 
Above average. | 
oo ae -_s . . Se , ee ¢ a. coe t 
A. J. Meyer No. 4. OU 1.75 20 8 8 4 0682 1500 | Yield in barrel. t 
A. J. Meyer No. 6. +. 50 2.50 42 2 9 2 5 61 2200 Yield in barrel. | 
A. J. Meyer....... 6.00 20 172 2800 Failure in shank. I 
ee aro a ol meres ge ee t 
MF Pics cc cceccéccccess $.80 2.70 62 51 30) 7 80 506 7000 | Yield in barrel. 
. 
—————— = — - — a . 
Estimated load based upon average strength at yield point of barrel 41,000 lb. per sy. in Average tensile strength barrel, 60,000 lb. per sy. in. Average R 
tensile strength of shank 130,000 Ib. per sy. in. 
Fic. 2:—MerYeER, NATIONAL, BuRGEss AND Brvet TURNBUCKLES. 
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Large Castings 


Tension Compression Shearing 
Ultimate yield point Ultimate yield point Ultimate yield point 
40,000 20,000 70,000 40,000 40,000 20,000 
Modulus of elasticity (direct)..............4. ir . 28,000,000 
Modulus of elasticity (shearing)... ............ 6.0. e cece ee eeeeeees 13,000,000 


Modulus of rupture in same ratios as above. ; ; 
Steel Castings with Vanadium show about 20 per cent increase over the above 


values. 
Strength of Special Steel Alloys—Lbs. per Square Inch 


Tensile strength. Yield point 


Nickel... ..- - 40, im 90, 
Chrome Vanadium - 200,000 175,000 
Chrome Nickel. 140,000 - 100,000 
Tungsten... .. 170,000 on 150,000 
185,000 160,000 


Chrome Tungsten. 


Strength of Copper, Aluminum and Various Alloys-— 
Lbs. per Square Inch 


Cast Copper 


Tension. a 22,000 
Compression...... - .... 45,000 
Shearing. : ; 18,000 
Modulus of elasticity (direct ’ 12,000,000 
Modulus of elasticity (shearing). 8,000,000 
Modulus of rupture (rectangular sections)... 35,000 
Cold Rolled or Hammered Plates 
Tension 32,000 
Compression. . . 60,000 
Shearing... 28,000 


Cold Drawn Wire 


rension = .50,000 to 60,000 
Shearing.. 40,000 


Modulus of elasticity of cold worked copper 17,000,000. Copper has no well 


defined yield point. 


Cast Aluminum 


Pension ee ... 14,000 
Compression. . PA 25,000 
Shearing.. 10,000 


Cold Worked Aluminum Plate and Wire 


Tension..... 24,000 (Plate) 
rension.. . 40,000 (Wire) 
Modulus of elasticity (direct)...... . 8,000,000 
Aluminum has no well defined yield point. 


Duralumin 


ension, 33,000; Compression, 68,000; Modulus elasticity, 10,000,000. 
High brass... Tension 35,000 


Low brass... .. 28,000 
Composition... 30,000 
Bronze. 30,000 to 75,000 varying with composition. 


10,000 to 130,000, varying with form. 
80,000, yield point 50,000 hot rolled. 
100,000, yield point, 70,000 cold rolled. 
15,000 Cast. Tension, 70,000 cold rolled. 
70,000 Ibs. /su. in. 
Compression, 120,000 Ibs. /su. in. 
Monel metal (hot rolled).....Tension (ultimate) 88,150 Ibs. /su. in. 
2 (yield, 58,000 Ibs. /su. in. 
elongation in 2 inch, 38 per cent. 


Phosphor bronze. 
Tobin bronze. 
Tobin bronze.. 
Delta metal... 
Manganese bronze. 


_ The steel at present in common use among manufacturers 
is the mild sheet steel generally designated as cold rolled steel 
(C.R.S.). Whether its easy working qualities or its cheap- 
hess and easy supply has brought about this poor choice, is 
hard to judge. It is a relief to find that the constructors and 
the Government are endeavoring to do away with this most 
unreliable and inefficient of materials. Instances have only 
too often been brought to our attention when upon the com- 
pletion of some small stamped fitting, the apparently solid 
metal is found to be of two distinct layers of thinner metal 
held together only at a few points. It is not well, however, 
to jump too quickly to the other extreme and attempt to use 
the very high strength alloys—requiring expert working and 
heat treatment. Companies to-day are, with a few exceptions, 
hot in a position to undertake this added responsibility and 
the foreing of such delicate work upon inexperienced hands 
Would be as dangerous as the present methods. 

The following table outlines the general influence of chemical 
‘omposition of the physical properties of steel: 
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: - g 
x] Y v 
% z . a; ; 
zg ... £ ee 
= = h D rs) yO See 7 
% = > 2 = g 2 se 2-t & 
© o = = I 5 ss. 88 @83 @ 
a6 OF + 8s Ss 34 B88 ose 3 
& I = 5 7] i BS 25 tas @ 
Ps a A = = a y= ws 2s = 
™ _ —_= _ = _ = 2 a = Ue 
Carbon..... - (1) _ (2) + (12) + _ _ 
Phosphorus.... (13) (3) 0 calc (4) -- — 0 
Manganese... _ . a - ies (5) 
Sulphur....... ios ; are 0 Rea _ _ 
MEG bacics os as (6) 0 ‘ : noe (7) ve 
Aluminum.....  ... ; (8) 0 wa ae ee ne ion _— 
Vanadium... .. - (9) Pas aie a + + 
Chromium.... . _ - yr _ ye at _ + 
Molybdenum. . + ; — + 
Tungsten...... + — + R 
Nickel........ + > (9) + aa ‘ + aa aia 
Copper....... “ae i A 0 Pr sae au na (10) 
ER del cas ‘<a - 5a is (11) rea? 
NitfO@OM..s... «- ; - ne ai ~_ . © 


(1) + up to 1 per cent., then —; (2) + up to 0.85 per cent.; (3) 0 up to 0.1 
per cent., then —; (4) + over 0.1 per cent.; (5) + up to 0.5 per cent.; (6) — 
above 1.5 per cent.; (7) — over 6 per cent.; (8) —- over 0.85 per cent.; (9) — 
slightly; (10) — over 1 per cent.; (11) — from 2 to 7 per cent.; (12) + up to 
0.3 per cent., then —; (13) + up to 0.1 per cent., then —. 


The above table, while very comprehensive, should not be 
considered as final. 


The matter of weldability of the chrome vanadium and 
nickel steel is indefinite, very reliable information showing 
that 314 per cent. nickel steels give better welds than the chro- 
mium steel. 

The 8.A.E. Specification No, 3130 for a low carbon chrome- 
nickel steel, or Specification No. 2330 for 3% nickel steel 
would seem to meet the requirements of the manufacturers as 
well as the Army Specifications of the S.A.E. No. 6130 
chrome-vanadium, eliminating at the same time, the great 
danger of segregation due to faulty heat-treatment. 

Heat treatment and its influence cannot be gone into; it 
requires very careful study and infinite care in application. 


Strength and Weight of Mild Steel Rivets and Pins 


Strength in Pounds 


Diameter, inches. 
“a” Single Shear. Double Shear. 
1,600 


Crushing + ¢. 
2 


1/8 1,000 a 

3/16 1,600 3,000 1,800 
1/4 2,750 4,500 2,400 
5/16 3,900 7,000 2,800 
3/8 5,000 9,800 3,600 
1/2 9,000 17,800 4,800 
3/4 20,000 40,000 7,200 
1 35,500 71,000 9,600 


The above values are based upon a shearing strength in 
pounds per square inch fs = 45,000 and a erushing strength, 
f 96,000. 


P,=f.— “for single shear. 

P. = f-dxt, for crushing, where t, the thickness of the plate 
or other piece held by the rivet or pin. 

The values for crushing have been worked out for a plate 
1 inch thiek, therefore the crushing strength for various thick- 
nesses of plate may be computed by multiplying the above 
values by “ t” in inches. 

If the crushing strength of the rivet is greater than its 
shearing strength the design should be based upon the 
smaller result. 

In case the bolt is subjected to a load other than tension, 
the strength should be based upon the corresponding form of 
loading. When bolts and pins are used in turnbuckle fittings 
and wire connections they are usually subjected to a form 
of bending and should be calculated as a beam round cross 
section loaded at the center. 


M : ; . 
f= — where f — modulus of rupture, J = bending mo- 


ment due to load generally considered concentrated at the 
center, Y = distance from neutral axis to most strained fiber, 
in this ease 44 D; I —= moment of inertia of cross section. 

In figuring bolts that pierce wooded members the failure of 
the wood should be considered first, since in this type of con- 
nection rupture is most often caused by the fastening pulling 
out or loosening due to the wood crushing in front of the 
bolts. The crushing load may be computed from the formula 
P=feXL XD. Where P=crushing load, f, = crushing 
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strength of wood, L length of bolt in wood, D = normal 
bolt diameter. 


United States Standard Bolts and Nuts 








A % 3 é ge Z 2g 
: 26 Ss - a. S cS 
3 25 J es 68 3 = a 
3 gs 8 sx g 3° goa 42 
5 oF “2 ay = oe a 8 
E . 9 _ ae v oe ¥- ¥- 
© Ss i te = a5 ak. 
Zs As na As na <o& 
1/4 0.185 0.049 0.027 20 1,4 0.707 
5/16 0.240 0.077 0.045 18 19/32 0.840 
3/8 0.294 0.110 0.068 16 11/16 0.794 0.972 
7/16 0.345 0.150 0.093 14 25/32 0.902 5 
1/2 0.400 0.196 0.126 13 7/8 1.010 37 
9/16 0.454 0.249 0.161 12 31/32 1.119 l 
5/8 0.507 0.307 0.202 1l l— 1/16 1.227 } 
/ 0.620 0.442 0.302 10 l- 1/4 1.443 
7/8 0.731 0.601 0.420 9 l— 7/16 1.661 

1 0.837 0.785 0.550 8 l- 5/8 1.876 

1-1/8 0.940 0.994 0.694 7 1-13/16 2.093 

1-1/4 1.065 1.227 0.891 7 2 2.310 

1-3/8 1.160 1.485 1.057 6 2- 3/16 2.527 

1-1/2 1.284 1.767 1.295 6 2—- 3/8 2.743 

1-5/8 1.383 2.074 1.515 5-1/2 2— 9/16 2.959 

1-3/4 1.431 2.405 1.746 5 2- 3/4 3.176 

1-7/8 1.616 2.761 2.051 5 2-15/16 3. 393 
Nore:—Depth of nut = nominal diameter 

Depth of head = one-half short diam. of hex. and sy. nuts 


The strength of United States standard bolts may be based 
upon the formula P—=A>X ft. Where P = the strength of 
the bolt, f: = tensile fiber stress per square inch — 65,000, 
A = effective area at root of thread. Solving for D the nom- 


inal diameter D — 1.24 \ a +- .088. 
ft 


Airplane Fabrics 


The general requirements and tests for airplane fabrics are 
well summarized by the following table: 


(1) Fabric should present reasonably great resistance to flame. 

(2) Itshould be proof against the action of salt water, moist air, extreme dr 
quick changes of temperature. 

(3) It should not stretch in any direction. 

It should have a tensile strength of at least 75 !b. per inch width in 

direction. 

(5) The tendency to tear and split because of tacks, bullets, etc., should be 
almost nil. 


ness 


(6) The weight should be taken in an atmosphere of 65 per cent relative h 
midity at 70° Fahr. 

(7) The weight, yarn number and tensile strength of the fabric should be 
tained when it is in a bone dry condition, i. e. after it has been subjected to 


a temperature of 221* Fahr. for two hours. 
(8) Identity and average length of fibers should be ascertained. 
(9) Determination should be made of the percentage moisture ‘‘regain”’ ind 
the available range of temperature and humidity 
10) A shrinkage determination should be made. 


Some Representative Specifications, Strength and 
Weight Figures 
In Table 4 are given some representative specifications which 
represent the average values of current practice. 


TABLE 5. 


Specifications Weight Threads Threads Strength Strength 
per per per per inch per inch 
square inch inch width width 
yard warp weft (warp) weft 
ounces Ib. (Ib.) 
Curtiss No. 66........ t 96 100 91 102 
Oct. 26, 1916 
R. A. F. No. 17-C..... 4 92 95 92 95 
U. S. Army No. 1002. .3.75-4.4 94 100 75 85 
minimun 
McBratney tests... .. $ 95 99 = 108 
Clarence Whitman 
PET TT 4 275 threads per sq. in. 87 16 


Messrs. Lamb, Finlay and Co. have kindly communicated 
the average values of tests extending over a number of ship- 
ments, in accordance with British Government specifications: 

“Three pieces are cut from the length and three pieces from the width of the 
goods. These samples must be long enough to leave 6 in. clear between the grips 
and sufficiently wide to leave the test pieces 2 in. wide after trimming. The test 
pieces are soaked in water for two hours. They are then taken out and the excess 
water is removed and the goods put in an Avery machine, the load being applied at 
the rate of 50 lb. per inch width per minute.” 

This method of testing, while apparently arbitrary, is con- 

. . aad . A. -* . 
venient and avoids errors due to humidity changes, and is 
preferable to a test on dry material. 


In the National Advisory Report the following figures are 
given for fabrics of different weights: 
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Strength 
Varp Filler 
65.0 4 
69.5 49.9 
80.7 79.0 
86.9 74.0 
90.2 82.7 
82.9 100.1 
95.0 60.0 
90.4 102.5 


Weight per sq, yd, 
4.00 oz, . 


Weight in ozs. 
per sq. yd. 
I . 3.67 
II. 3.78 
ITT. 3.87 
IV. 4.04 
\ 4.09 
VI. t.48 
VII. +. 60 
Vill +. 86 
TABLE 6. 
Approximate breaking strength 
Quality Width per inch. 
inches. Warp Weft. 
A24 6 72 Ib 78 lb 
A29 a) 90.5 101.9 
A31 36 108.5 94.6 
A33 36 114.7 “ 103.6 
*A37 36 112 << 115.6 
*A40 36 129.4 23.4 
‘British Government Standard qualities 


Wing Dope and Varnish 


4.00 “ 
4.00 “ 
4.00 “ 


1.13 4 


~I 


The following notes on dope and varnish may be of interest 


to the manufacturer: 


Dope alone on Irish linen surfaces has proven very satis. 
factory. Four to five coats, allowing about one-half hour for 
drying between each coat are ample protection for the most 
severe conditions. Very rigorous tests on samples exposed 
to the weather during the month of February resulted in no 
ill effeets, the cloth remaining tight, glossy and without spots, 
cracks or tears. The weight of the covering is increased about 
66 0z. per square yard per coat, with an application of ap- 
proximately one gallon to ten square yards. 

Varnish finish is recommended in many 
permanent and, being less effected by salt water, has some ad- 
vantages on water machines. When repairing is to be done 
it is first necessary to remove the varnish before the pateh is 
applied with dope, as a glue, causing some inconvenience. 

Doped surfaces have about 8 per cent to 10 per cent more 
tearing. It is necessary to 
redope all surfaces every three to five months. 

Cotton and silk fabrics have a tendency to rot when covered 
with dope or varnish and such surfaces are not recommended. 


strength and more resistance to 
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Wires and Cables 


First A Re} he National Advisory Committee on Aeronautics. “Avi 
tion Wires i Cabl 
This also ntains 1 h valuable information on fastenings.) 
Turnbuckles 
Arthur Orr, AVIATION AND AERONAUTICAL ENGINEERING, December 1, 1916. 


. 
Aeronautical Patents 
Copies of these patents may be obtained for five cents each by address 
ing the * Commissioner of Patents, Washington, D. C.” 
Charles N. Sirch, Los Angeles, 


1.221.234. Filed April 14, 1908. To 
Cal Aerial locomotion. 


1,221,426. Filed April 8, 1916. To Joseph J. Duffy, Brooklyn, N. 


assignor of one-half to Gideon 
Aerial torpedo. 

1,221,430 Filed August 19, 1915. 
Wash. An airship 


ISSUED APRIL 


N. Carleton, 


To Alfred Extrand, 


10, 1917. 


Y,, 


Brooklyn, N. Y. 


Aberdeet, 


1,220,140. Filed March 27, 1916. To William C. Robinson, Grinnell, 
Iowa. Airplane-fuselage structure. 

1,220,499. Filed April 25, 1916. To Russell R. Waterman, Pasadeda, 
Cal. Steering and propelling means for dirigible airships. 

To William James De La Mare, 


1,221,841 Filed September 2, 1915. 
Des Moines, Iowa. An airship. 
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Emergency Landings in Cross-Country Flying 


«ter of forced land 


The spt . 
ing in cross country flying, 
~ the disillu- 


ey present to 
sal pilot of experience. 
often seems to be entirely 
disregarded by the younger 
generation of aviators. No 
doubt its presence robs flying 
of a great deal of pleasure, 
put the law of compensation 
will bring, inevitably, its own 
reward to the pilot who in- 
variably follows certain well 


established rules that pru- 
dence and long experience 
have dictated. 

It is assumed that ever) 
aviator in planning a cross- 
country flight will first ac- 


quaint himself with the char- 
acter of the terrain he pro- 
poses to traverse. It is as 
sumed that he will select his 
route after due deliberation 





By Capt. Joseph E. Carberry 








Under these conditions, al- 
ways head into the wind, even 
if other considerations are 
somewhat against that pro- 
cedure and stall for at least 
the last three or four feet. 
Remember to keep the tail 
well down. If compelled to 
land in a side wind, watch 
for possible obstructions, 
under the shelter of which 
you may complete your run 
on the ground. While flying 
at Buffalo, New York, from 
a narrow field bordered by 
high trees on one side, an 
aviator was able to take off 
and land successfully by 
keeping in the lee of these 
trees, which almost entirely 
broke the prevailing cross 
wind. Endeavor to make 
your glide at as moderate an 
angle as_ possible. A pro- 











and that he will plot his 
height at various points along 
that route, with regard to the 


possible emergency of a 
forced landing. It is also assumed that 
he is thoroughly familiar with the fly- 


ing characteristics of his airplane. 

The first article of this cross-country 
flying creed, to which every flyer should 
subscribe, is to always keep a landing 
place in mind. Some area must be con- 
stantly in view in which a landing will 
be attempted if trouble develops which 
compels it. In a flight from Satevo to 
San Antonio. Mexico, over mountainous 
country, by flying a zig-zag course, much 
in the manner of a person crossing a 
stream by stepping from stone to. stone, 
it was possible for the aviator to have 
landed with safety to himself and pas- 
senger at any time. A _ straight cross- 
country flight to his objective, in case of 
engine failure, probably would have been 
disastrous. By careful routing, flights 
may be made with reasonable security 
over apparently impossible country. 


Choice of Field 


The most important consideration of 
course is the landing field itself. It should 
be of sufficient size and of such surface as 
to permit of easy entry and exit. Choose 
landing places over which you have 
passed, if possible to do so. If they are 
not available, glide forward, always en- 
deavoring to circle and examine your 
choice before committing yourself to it. 
If possible select several alternative land- 
ing places. Make no hasty decisions, but 
once having made one, adhere absolutely 
to it. Remember that fields to right and 
left of your line of flight can be reached 
a8 easily as those directly in that line. 
Observe the approaches to possible land- 
Ing fields and carefully scan them for 
fences, trees, and other obstructions. 
Telegraph wires, the dread of every flier, 
can generally be spotted by the poles. 
These should always be looked for, Be 
wary of landing in the immediate vicinity 
of bodies of water, as the neighboring 
ground often slopes abruptly. Exception 
of course must often be made to this rule. 
It may be the part of wisdom to follow a 
toute with possible water landing places. 
In a recent flight from Philadelphia to 
Mineola, engine failure near Staten Island 
compelled a flyer to land in the sea im- 
mediately off shore. No. alternatives 
existed except populated or wooded areas. 
This landing was accomplished with dam- 


(C) International Film Service. 


CAPTAIN JOSEPH E. CARBERRY, U. S. A. 


age to the propeller and minor damage 
to the fore part of the body only. The 
airplane itself was salvaged and was read- 
ily placed in commission again. 

In inspecting your prospective landing 
fields, keep the sun at your back. En- 
deavor also to land with the sun behind 
you. Especially is this important if the 
sun be low on the horizon. 

A close observation of smoke along the 
course will be invaluable. If there be a 
strong surface wind, indicated by these 
and other select possible landing 
fields with long axes in the direction of 
the wind. 

Keep in mind that the aspect of fields 
changes materially with the seasons of 
the year. In case of doubt, choose a 
cultivated area in preference to one not 
cultivated. 


signs, 


Vanner of Landing 


The wind is the most important one 
element in this operation. Always land 
into the wind whenever possible. In glid- 
ing down to enter a field against a strong 
head wind, do not turn away from the 
urea in view by spiraling at low altitudes, 
but make “S” glides instead. At least 
the final 500 feet should be so timed that 
you may enter the field selected by a right 
angled turn. Your judgment of distance 
by this method with practice can be made 
almost perfect. In this connection the 
French training school rules e¢all for 
straight-away glides the last 500 or 600 
feet. 

Always keep a sharp lookout for all in- 
dications of wind at your landing place. 
I emphasize particularly “at your landing 
place.” In one instance while descending 
at Chihuahua City, Mexico, an aviator 
observed smoke from a train on a railroad 
siding about five miles from the landing 
place chosen. Due no doubt to immediate 
local conditions, the wind at this landing 
place, very strong and very gusty, was in 
an almost opposite direction. As a result, 
after landing he was unable to reduce 
his ground speed and ran into a heavy 
mesquite field damaging the lower wings 
severely and preventing further flights 
that day. 

Particular attention should be paid in 
practice flights to slow landings. This is 
essential when landing is to be made in 
heavy plowed fields, in snow or water. 
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longed descent at a fairly 
steep angle will result in ul- 
timately attaining the same 
speed as a dive over a short 
The slowest possible landing 
your ideal in cross-country 


distance. 
should be 
flying. 

Finally, the type of airplane that you 
are fiying should always be considered. 
For example, a tractor airplane with in- 
closed body may be maneuvered into a 
remarkably small area by violently skid- 
ding just before landing and _ then 
straightening out before the wheels touch 
the ground. Especially is a knowledge of 
this art valuable when it becomes neces- 
sary to enter after diving over obstruc- 
tions. This requires a delicate touch at 
the wheel. 

Above all, keep your airplane under 
coutrol until the very last. Strict ad- 
herence to this rule will often result in 
landing without damage to the persons 
of the pilot or his passenger. Never 
despair of affecting a landing with safety 
to yourself, however formidable the as- 
pect of the ground below you may be. 


Manufacturers Wish Catalogs and 
Samples 

The Aircraft Manufacturers’ Associa- 
tion of 501 Fifth Avenue, New York, has 
requested the widest possible publicity 
for the following notice which is of great 
importance in connection with the As- 
sociation’s efforts to introduce standard- 
ization. 

“At the regular monthly meeting of the Air- 
craft Manufacturers Association, held on 
Wednesday, April 11, at 501 Fifth Avenue, 
New York City, the secretary was instructed to 
get into communication with all manufacturers 
of finished products and producers of raw ma- 
terials entering into the construction of air- 
craft of all descriptions. 

“The Association desires particularly to. re- 
ceive small samples of fabrics suitable for wing 
covering, tubing, wood, veneer, catalogs of fit- 
tings, instruments and general equipment.” 


U. of P. Alumni Offer Six Planes 


Interest in recruiting for the University 
of Pennsylvania’s student battalion has 
been increased by the offer of six air- 
planes by wealthy alumni and the work of 
forming the air corps will begin shortly, 
according to newspaper reports. About 
sixty men will be needed to operate the 
machines and keep them in condition. 
The machines will be delivered as soon as 
needed. 





On March 2, 1917, Congress appropri- 
ated one million dollars 


*to enable the Secretary of War and the Secre 


tary of the Navy to secure by purchase, con 
demnztion, donation or otherwise such basic 
patent or patents as they may consider neces 
sary to the manufacture and development of 


aircraft in the United States for governmental 
and civil purposes.” 

This action was taken on account of 
the general belief that the needed expan 


sion of the aircraft industry calling for 
the investment of large sums of money 
was being very seriously impeded by 


threatened law suits and the demand for 
the payment of what was looked upon as 
excessive royalties under certain import 
ant aeronautical patents. One such de- 
mand upon the manufacturers called for a 
royalty of five per cent on the price of 
the complete plane with motor and a 
minimum annual payment of $10,000 per 
manufacturer. 

All makers in bidding for government 
business were obliged to add to their bids 
an extra amount representing the royalty 
they would have to pay under this one pat 
ent alone and the Army and Navy were 
confronted with many bids in which the 
contingent royalty amounted to over $1000 
per airplane. 

The National Advisory Committee for 
Aeronautics in whose hands the problem 
was placed for recommendation realized 
that it would be undesirable to use the 
fund provided for the purchase of patents 
until every means had been exhausted 
to secure a settlement on a _ reasonable 
basis between the different parties in in 


terest. It realized that even in our pres 
ent need it would be unwise to condemn 
a patent except as a last resort. The 
National Advisory Committee for Aero 


nautics is particularly anxious to encour 
age invention along aeronautical lines in 
stead of discouraging it. 

In reviewing the records of the Army 
and Navy Departments as to planes pur 
chased during the eight years prior to our 
recent heavy appropriations for aerial de 
fense it was brought out that four men 
in four different factories supplied all of 
those planes and apparently contributed 
most in the development and reduction 
to practice of the aviation art. These 
named in the order of their appearance 
on the records are Wright, Curtiss, Bur 
and Martin. By a strange coinci 
dence Curtiss and Burgess joined hands 
and later the Wright and Martin interests 
came together. 

While there are other aircraft patents, 
it was found that these two combinations 
owned and controlled what might be con 
sidered the two dominating groups of pat 
ents, 

The National Advisory Committee has 
therefore been influenced to a slight extent 
in its consideration of the patent question 


fess 


by the moral obligation that should be 
added to the patent rights of these two 
groups. Recognition of two groups of 


patents by the later industry and by the 
government becomes automatically recog 
nition of practically all of the actual re 
duction of the art to practice by Wright, 
Curtiss, Burgess and Martin. 

Numerous meetings were held in New 
York, Buffalo and Washington in an en 
deavor to arrive at a basis of settlement 
that would comprehend all of the patents 
owned or controlled by each group, that 
would be a fair recognition of their pat 
ent rights and that would at the same 
time cement together and strengthen the 
industry. 





Advisory Committee Report on Patent Situation 


Basis of the Committee’s Plan 


The plan finally agreed upon 


panies for their consideration and early 


report is framed upon the following basis: 


1. That it is desirable to avoid the de- 
lays and expense necessary 
all of the patents in question. 


this Committee to attempt to 
the validity of any patent. 


at some fair basis for the 
up this matter and permit the more rapid 
expansion of the industry. 

ft. That the relative contributions to 
the establishment of the aircraft industry 


aus between Wright and Martin on the one 


hand and Curtiss and Burgess on the 
other hand may be said to offset each 
other, and that the recognition of each 


should be in the same total amount. 

5. That by reason of Curtiss’ patents 
running approximately three times as long 
us Wright’s, the royalty to the Curtiss 
Burgess group might be made about one 
third of the amount per plane to be al 
lowed to the Wright-Martin group. 

f. That instead of endeavoring to es 
tablish a difference as between airplane, 
seaplane or flying boat, the royalty should 
be spread uniformly upon all three types 

7. That the royalty flit 
rate on each plane with or without engine 
instead of a percentage of 
price, 


should be a 


cost or selling 
S. That royalty should commence upon 
all planes manufactured and 
Mareh 2, 1917, and that those 
tured and sold prior to that 
empted from royalty 
In submitting this plan, the National 
Advisory Committee for Aeronautics 
not attempted to draw up a finished legal 
lv approved agreement but instead to 
present its plan in the simplest 
form 


after 
manufac 
date be eX 


sold 


has 


possible 


Proposed Plan 


1. That all airplane manufacturers as 
members of the Aircraft Manufacturers’ 
Association join in a cross licensing 
ment as of March 2, 1917. 

2. That this agreement cover all pat 
ents now owned or controlled by or which 
may later be owned or controlled by the 
Aircraft Manufacturers’ Association o1 
any of its members; the terms of the 
cross licensing agreement to be in general] 
based upon the similar agreement existing 
in the National Automobile Chamber of 
(Commerce known as the * Cross Licensing 
Agreement.” 

53. That 


aezree 


each member pay into the 
treasury of the Aircraft Manufacturers’ 
Association the sum of $200.00 for each 
airplane manufactured and sold (with or 
without engine), by that member. These 
payments to be made quarterly and to 
continue subject to the conditions herein 
after provided. 

ft. That the funds 
disposed as follows: 

At each quarterly period for each air 
plane manufactured and sold during the 
preceding quarter there shall be paid 


thus collected be 


$155 to the Wright-Martin Aircraft Corporation 


$40 to the Curtiss Acroplane & Motor Corpora 
iion 

$25 to the treasury of the Aircraft Manufac 
turers’ Association to cover its operating 


a fund for further 


expenses and to create 
development 
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Dy the 
Committee and submitted to the two com- 


to adjudicate 


2. That it is not within the province of 
determine 
the value of one patent against another or 


3. That it is desirable at once to arrive 
recognition of 
the patents of both parties that will clear 


5. Payment to the Wright-Martin Aj. 
craft Corportion shall cease May 22, 1993 
and payment to the Curtiss Aeroplane 
and Motor Corporation shall cease at sugh 
time as the total amount paid to them 
shall equal the amount paid to the Wright. 
Martin Aircraft Corporation, but in any 
event shall cease October 30, 1933. 

6. After May 22, 1925, the amount paid 
per airplane by each manufacturer shall 
be reduced by the amount of the Wright. 
Martin royalty, which will have ceased 
on that date and shall thereafter be $65, 
per airplane manufactured and sold dur. 
ing such remaining period as payments of 
royalty are made to the Curtiss Aeroplane 
and Motor Corporation, as above provided 
for. 

7. An airplane as herein mentioned 
shall be understood to mean any form of 
heavier than air craft using wing surfaces 
for sustentation, stabilizing surfaces, rud- 
for steering, and power plant for 
propulsion through the = air, whether 
operated from land or water. 


ders 


(. D. Waleott, Chairman; S. W. Stratton, 
Member: J. If. Towers (Lt. U. S. N.), 
Member; S. 1D. Waldon (Capt. S. C.), 
Member, 


Sub-Committee on Patents 


Proposed Aerological Stations 

An effort is being made by the National 
Advisory Committee for Aeronautics to 
promote the study of the atmosphere over 
this continent and the adjacent waters, 
and have a set of accurate charts made 
for the benefit of our aviators. 

Especially is this problem vital as it 
concerns the national preparedness pro 
cram, This fact was brought out by a 
telegram read at the Aero Club of America 
banquet recently in New York, from Dr. 
Charles TD. Walcott, secretary of the 
Smithsonian Institution, and chairman of 
the executive committee of the National 
Advisory Committee for Aeronautics, who 
advised that the assembled members urge 
most strongly the establishment and mait- 
tenance of aerological surveys over North 
America and the adjoining waters for the 


protection of the lives of United States 
aviators, the safety of aircraft and the 
furtherance of their operation. 

‘At present,” stated Dr. Walcott, “ prac 


tically nothing is known of the movements of 


the fluid in which shortly thousands of ait 
craft representing millions of dollars in 
estment, will be floating, and, what is far 
more important, they will be operated by thov- 
<ands of our finest specially trained young 
nen 


{dvisorv Committee’s Activity 

During the past twelve months the Na- 
tional Advisory Committee for Aeronaule 
met with manufacturers of airplanes and 
airplane engines in an effort to expedite 
the delivery of machines to the Gover 
ment, and has been of great assistance 
the solution of many other problems. 

Now it proposes that earnest thought 
he put on the vital necessity of recording 
and charting the irregularities of the at 
mosphere so that our aviators in peace 
or in war may have the benefit of exact 
information both for their own safety and 
us an expedient to efficient operation of 
aerial messenger, reconnaissance and 
fighting service. 

An estimate of appropriation of $100,000 
for the establishment of special aerological 
stations in connection with the United 
States Weather Bureau will be brought 
to the attention of Congress. 
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Aero Club Banquet 


eleventh annual banquet of the 


The 
Aero Club of America was successfully 
peld in the Waldorf-Astoria hotel, New 


York on the evening of March 30. Alan R, 
Hawley, president of the Aero Club of 
America, presided and Henry A. Wise 
Wood acted as toastmaster. Among the 
speakers were Hon. James W. Gerard, 
former Ambassador to Germany; Major 
General Leonard Wood, U. S. A.; Rear 
Admiral Robert E. Peary, chairman of the 
National Aerial Coast Patrol Commission, 
Stephane Lauzanne, editor of the Paris 
Le Matin, and Godfrey L. Cabot, presi- 
dent, Aero Club of New England. 

Mme. Geraldine Farrar sang the “ Star 
Spangled Banner” 

A number of congratulatory 
were read at the banquet. 


Howard E. Coffin’s 

Howard E. Coffin, a governor of the club 

and member of the Council of National De- 
fense, wired as follows: 

“I desire to congratulate the club upon its 
share in the development of aeronautics during 
the past year and impress upon our members 
the seriousness of the need for the most active 
and sincere cooperation, both with the military 
departments and with the newly formed Manu 
facturers’ Association. The influence of the 
Advisory Commission of the Council of Na 
tional Defense will be exerted in favor of the 
adoption of a three-year construction 
gramme with a definite assignment to each 
manufacturer of his part in the work. We 
must have standardization so far as possible in 
materials and in the details of design, and the 
number of models assigned to each factory 


messages 


Vessage 


must be reduced to a minimum. It is only 
through a proper classification and concentra 
tion of our industrial resources in this in- 
dustry that we may hope to make definite 


progress in the art so vitaliy 
defense of this nation.” 


necessary in the 


Sperry Awarded Collier 

The Robert J. Collier Trophy, which is 
awarded annually for the greatest achieve- 
ment in aviation in America, the value of 
which has been demonstrated by use dur- 
ing the preceding year, was awarded to 
Elmer A. Sperry and Lawrence B. Sperry 
for the development and demonstration of 
the Sperry drift indicator. 

The following medals of merit were also 
awarded : 

To Miss Ruth Law, American distance record 
Cross country, November 19, 1916, 512 miles. 

Philip A. Carroll, for his patriotie work in 


training military aviators at Governor's Island, 
1916 


Trophy 








Flovrd Smith, American hydro altitude 
records : January 12, 1916, one passenger, 
oo es January 1, 1916, two passengers, 
d eet; February 15, 1916, three passen 


gers, 9.605 feet. 


Corporal A. D. Smith. U. S. A American 


hydro duration record, Feb, 19, 1916. Ss irs, 
42 mins. 

Captain C. C. Culver, U.S. A., for wireless 
experimentation, 1916 
James V. Martin, for the invention of the 
aerodynamic stabilizer 

Aerial Coast Patrol Unit No. 1, for its 


ploneer work in de veloping acrial coast defense. 


In recognition of aviation service rendered 


at the Mexican Border, 1916: Major B. D. 
Poulois, Capt. J. BE. Carberry. Capt. W. C. Kil 
oe, Capt. Ira D. Rader, Capt. C. C. Chapman, 
Capt. H. A. Dargue, Capt. R. Willis, Capt. 


lr. S. Bowen, Capt. E. 8. 


Christi . : Gorrell, Capt. A. R. 
Wine: Capt. T. S. Dodd, U. S. A. 
lctor Caristrom, three additional bars to 


Medal of Merit he already holds for: 
American Altitude Records: April 30, 
one passenger, 16.225 ft. April 10, 1916, 
Passengers, 11,180 ft 
American Distance 


1916, 
two 
Record : 


Cross Country 


May 20, 1916. one passenger, 283.02 miles. 
Tee ning of the Curtiss Marine Flying 
tophy for 1916. : 

» Macauley, three additional bars to 
metal of Merit he already has for: Ameri 
1916 Istance Closed Circuit Record: May 4. 
Hy » live passengers, 154.08 miles. American 
Ydro Altitude Records: May $. 1916, five 
passengers. 775 ft. April 30,° 1916, six pas 
— Si ft. American Hydro Duration 
ecord: May 4, 1916, five passengers, 2 hrs 


23 min. 
some of the features of the banquet was 
me ainnouncement that Rodman Wana- 
waker offered a large twin engine flying 
mt to the United States Government. 





AVIATION 


Raids 

Reports recently received from England 
indicate that it is an American invention, 
the new Sperry searchlight, which is one 
of the two factors that have rendered re- 
cent Zeppelin rails on London abortive. It 
is said that the new carbons used in these 
lamps to increase their intensity have been 
among the most important factors in frus- 
trating the Zeppelin raids. 

This lamp has been used recently for 
experimental work on the aviation field at 





CANDLE-POWER SEARCHLIGHT 


BILLION 


Mineola. It illuminates a target ten times 
as brilliantly as an ordinary projector, 
and its are is as bright as sunlight. 

The brilliancy of this lamp is due, 
among other things, to the special carbons. 
The are burns at a temperature of 10,000 
degrees Fahr. The candlepower of the 
G0-in. Sperry searchlight exceeds 1,250,- 
800,000. 

An important feature of this searchlight 
is the remote control, which is very de- 
sirable for anti-aircraft work. By means 
of this apparatus the lamp can be oper- 
ated, even upward at an angle of 90 de- 
crees, from a distance as great as one 
mile. This lamp ean be used for other 
purposes, such as coast defense work, for 
which its long range makes it specially 
suited. The 60-in. Sperry searchlight has 
been seen 150 miles away. The lamp can 
also be used for signaling and is installe! 
on naval 

The installation of these new search- 
lights, together with the use of incendiary 
bullets for machine guns is said to have 
resulted in the stopping of Zeppelin raids 
on London. Searehlights stationed at 
coast towns pick up the Zeppelins and per- 
mit the heavier than air machines to de- 
stroy them. 


vessels. 


Packard Engine Progressing 

The 200-horsepower aircraft engine 
which the Packard Company has been 
developing in the past two years is said 
to be about ready to take flight. The 
process of installing the engine in a 
specially constructed plane is now going 
on rapidly. 

Final work on the engine has been has- 
tened by developments in the internation! 
situation that may create an urgent need 


for aircraft in America. 

The flying tests of the new engine will 
be made at the Joy aviation field. near 
Mount Clemens, Mich... where there are 


unusual facilities for trials over both land 
and water. 

W. B. Stout, chief engineer of the Pack- 
ard aircraft division, says that the ma- 
chine will be capable of 90 miles an hour, 
A fast climb is also expected. 


American Searchlight Stops Zeppelin 
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Fort Omaha Notes 

Frequent flights in free balloons are 
being made from the Fort Omaha, Neb., 
school. 

On one flight a few days ago Pilot Leo 
Stevens with Capt. John Prentice and 
Lieut. L. C. Davidson ascended at Fort 
Omaha at 1.30 p. m. and landed at 
Diagonal, Iowa, ninety miles away, at 6.08 
p. Mm. 

Sixty Miles an Hour 

On March 24 Leo Stevens with Captains 
Prentice, Muller and McElgin and Lieu- 
tenant Davidson made what is believed 
to be a new record for speed in a free 
balloon, traveling from Fort Omaha to a 
point seven miles from Macksburg, Iowa, 
a total distance of over a hundred miles 
in one hour and forty minutes. 





Notes of the Memphis Training 
Station 

Captain Joseph C. Morrow, Officer in 
Charge, has returned from a trip to Fort 
Jarrancas, Fla., where he completed his 
examination for promotion. 

A. B. Lambert, vice-president of the 
Aero Club of America, visited this school 
March 14 and while there he was taken 
for a passenger flight in one of the school’s 
new machines. 

Captain <A. R. Christie, Officer in 
Charge of Training, has established a 
construction and repair department under 
the direct supervision of Chief Mechani- 
cian Houser. Five sergeants of the Signal 
Enlisted Reserve Corps have been directed 
to report to Mr. Houser for practical in- 
struction in overhauling machines. 

Reception of First Tennessee 

A feature of the reception arranged in 
honor of the First Tennessee troops when 
they returned from the Mexican border 
was the flight of a squadron of nine air- 
planes southward, and over and parallel 
with the parade of troops. Forty-five 
parachutes were dropped from the ma- 
chines in flight. To each parachute was 
attached a small American flag and a 
spool on which was typed “ U. S. Aviation 
Station, Memphis, welcomes the _ First 
Tennessee.” Captain Joseph C. Morrow, 
Officer in Charge. as observer, and Cap- 
tain A. R. Christie, Officer in Charge of 
Training. as pilot. occupied the leading 
machine. The eight other machines were 
piloted by flying instructors and student 
instructors, each accompanied by a 
geant of the Signal Enlisted Reserve Corps 
(applicants for commissions in the Signal 
Officers Reserve Corps, who acted as ob- 
servers. Each observer made a written 
record of his observations which he sub- 
mitted to the Officer in Charge of Training 
after the flight. The following is one of 
the reports submitted : 


ser- 


First machine arose from the aviation field 
at 9.00 a. m., Mareh 18, 1917. 
Squadron attains an altitude of 5,000 feet 


After circling the field squadron 
City seen to the 


at 9.10 a. m. 
turns southward 9.12 a. m. 


north and large river to the westward. River 
lving ‘in a north and south direction. Two 


large bridges cross the river from the city side. 
Three steamboats in midstream. one with log 
raft in tow. Four steamboats lying at wharves. 
Arrived over business section of city at 9.15 


a. m. Good wagon roads enter the city from 
north. northeast, east, southeast and south. 


Railway stations, shops and yards west side of 
city pear river. Public buildings, probably 
post office, custom house and courthouse north 
and east of business district. Railroads enter 


city from north, east and south. A _ possible 
landing place for airplanes on west side of 


> 


about 5 miles south of large bridge. 
possible place for landing in public 
park east side of city. Territory surrounding 
the citv covered with water in many places 
and thinly wooded, water supposed to be due 
to recent heavv rains. Automobiles, wagons 
pedestrians and troons seen in streets of city. 
Streets run porth and south. and east and west. 
One plane forced to land shortly after taking 
the air. but reached the field in safetv by glid- 
ing. Rear unit of squadron returned to field 
at 10.45 a. m. 


river and 
Another 
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Duesenberg Refinanced 

The Duesenberg Motors Corp. has suc 
ceeded the Duesenberg Motor Co., St. 
Paul, and the Loew-Victor Engine Co., 
Chicago, its capital being $1,500,000, of 
which $1,050,000 is paid in. The com- 
pany has located a plant in the East at 





AVIATION 





Yale Unit Officially Recognized 
The Yale flying unit known last summer 
Aerial Coast Patrol Unit No. 1, a 
voluntary unofficial designation, has en- 
rolled in the Second Naval District Coast 
Defense Reserves. Mr. Davison has pro- 
vided twelve airplanes and all necessary 


as 








The above photograph shows the latest picture of the 
are 
span and introducing a dihedral angle 


suit triplane. Recent changes which 


sets of planes, shortening the 





Curtiss Model L pur 
noteworthy are the raising of all three 
into the bot 


tom plane and greatly increasing the gap between the center and top planes. 


Edgewater, N. J. The engineering and 
experimental forces have already moved 
from Chicago and the company will, in 
a short time. be building on a commer 
cial basis a line of Duesenberg engines 
for both automobiles and aeronautical 
purposes, devoting the output of the Chi- 
cage plant to marine models. The Loew- 
Victor Engine Co. has been building one 
of the largest high-speed marine gas en- 
gines on the market for the past year. 
These motors were designed by F. 8S. 
Duesenberg. The Chicago plant will in 
the near future be consolidated with the 
Edgewater plant. The sales and execu- 
tive offices of the company will be at 120 
Broadway, New York. 

The personnel of the organization is 
as follows: Directors, J. R. Harbeck, F. 
S. Wheeler, Charles Stollberg, K._ S. 
B. 


Breckenridge, L. A. Welles and F. 
Page. The first five are all of one of 


America’s largest industrial corporations. 


Mr. Page is vice-president and general 
manager of the E. W. Bliss Corp. 

J. R. Harbeck, who was president of 
the Loew-Victor Engine Co. since its 


formation, is president and managing di 
rector of the Duesenberg corporation. 
EK. L. Decker is assistant to the president ; 
H. A. Wing, is secretary and treasurer; 
C. B. Page is general manager in charge 
of production and N. G. Rose is general 
sales manager. F. S. 
engineer. A. S. Duesenberg is assistant 
engineer. M. M. Whitaker is assistant 
engineer and naval architect. G. A. Beil- 
stein is purchasing agent and F. E. Lampe 
is superintendent. 


Frank H. Trego Has Factory 

Frank H. Trego has purchased the fae- 
tory buildings of the A. C. Gilbert Co. at 
Fox and Ferry Streets, New Haven, Conn. 
The Trego Motors Corp. was formed a few 
days ago with a capital of $1,500,000, to 
build engines, airplanes and flying ap- 
paratus. 


Duesenberg is chief 





equipment for the Yale flying unit. 

The aviators are practising in Florida 
now and will come to Newport when or- 
dered to active duty. 


Flint Aircraft Co. Organized 

The Flint Aircraft Co., Inc., of Flint, 
Mich., has been organized by several wel! 
known automobile men and has taken ove 
the Williams Aeroplane Co. of Fenton. 
W. W. Clark, Jr., of the Buick Motor 
Co. has been elected president and Frank 
Freeman, secretary-treasurer. The other 
directors are Dr. G. H. Bahlman, W. F. 
Stewart, president of the Stewart Body 
Co., and Harry Bassett all of Flint. Eg 


hert B. Cresswell, formerly with the 
Thomas Brothers Aeroplane Co. is the 
general manager of the new company. 
The company’s plans have not yet been 


announced. 





April 15, 19]7 




















Henri Julliot with Goodrich 


Henri Julliot, French builder of 
dirigibles, is in this country supervising 
the erection of the dirigibles which the 
Government is having built by the B, RB 
Goodrich Co. 

He built the big dirigibles, “ Le Jaune” 
* Lebaudy,” “La Republique,” “La 
Liberte,” and “La Patrie.” His _firgt 
military dirigible was built in 1902 before 


Count von Zeppelin had made his first 
balloon. 
“The United States will need many 


dirigibles in hostilities with Germany,” ¥, 
Julliot declared. “ They are essential for 
coast defense. The larger dirigibles can 
zo out to sea for 500 miles and watch for 
enemy fleets.” 

Because they can stand still in mid-air 
and because they can carry 6000 to 8000 
pounds of explosives in addition to their 
own weight, they will play a big part in 
naval offensive operations. 

“To become an operator of a military 
dirigible one must have youth, a few 
months’ training and a working knowledge 
of physics and mechanics.” 

M. Julliot will spend two or three years 
in this country, designing and supervising 
the construction of military dirigibles. 


Guard at Essington Station 

Rather than take any chance on having 
some German sympathizer or agent de 
stroy the airplanes now at the Philadel- 
phia School of Aviation, at Essington, 
Robert E. Glendinning, head of the school, 
is paying a squad of watchmen to guard 
the machines at night. This he will con- 
tinue to do, he says, until the United 
States Government takes possession of the 


organization. This action is daily ex- 
pected. 

The work of the school is_ seriously 
handicapped owing to the lack of ma- 
chines, according to Mr. Glendinning. 


There are now more than 300 applications 
for training hanging fire because there are 
not sufficient machines for that purpose. 
Ordinarily the school has only two planes, 
but both Mr. Glendinning and George 
Thomas have placed their private ma- 
chines at the disposal of the students. 

The Government has notified the school 
officials that they are sending twelve more 
machines to Essington, but as yet they 
have not arrived. 

A squad of twelve enlisted men under 
Capt. William S. Ocker of the Officers’ Re 
serve Corps has been placed on duty at 
issington in preparation for active flying 
operations at the school, 
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1000 1100 1200 1300 1400 1500 1600 1700 1800 
REVOLUTIONS PER’ MINUTE 


THE Motor shown above is a Curtiss 8-cylinder, Double ignition, two high tension—8-cylinder 
Vee, 4 stroke cycle, rated at 200 H-P at 1400 magnetos. 

R.P.M. Water cooled—centrifugal pump. 

Weight with propeller hub—725 pounds. Oiling force feed to all bearings. 


Full information and installation dimensions gladly furnished on request 





CURTISS AEROPLANE & MOTOR CORPORATION 
BUFFALO, N. Y. 
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THE SIGNIFICANCE TO YOU OF THE MEMBERSHIP OF 








Aviation and Aeronautical kngineering 


IN \THE ASSOCIATED BUSINESS PAPERS, INC. 





OU depend upon AVIATION AND AERONAUTICAL ENGINEERING for an 


unbiased and accurate report of all news affecting your business interests. 


Probably, too, you give heed to its editorial counsel in many matters of consider- 
able consequence. You have a right, therefore, to know about the policies and prin- 
ciples back of the important service rendered by AVIATION AND AERONAUTICAL 
ENGINEERING. 

The membership of this publication in the Associated Business Papers. Inc. (the 
International Association of Class, Trade and Technical Papers), means that it has 
achieved an exceptionally high publishing standard, and has subscribed unreservedly 
to these— 


NE 


STANDARDS OF PRACTICE OF BUSINESS PAPERS 














The publisher of a business paper = To decline any advertisement 
should dedicate his best efforts to || Qs» which has a tendency to mis- 
the cause of Business and Social lead or which does not con- 
Service, and to this end should form to business integrity. 


pledge himself. 


6 To solicit subscriptions and 
). advertising solely upon the 


To consider, first, the inter- is. 
m merits of the publication. 


ests of the subscriber. 
To supply advertisers with 


s To subscribe to and work for be full information. reserdine 

¢ truth and honesty in all de- character and extent of circu- 
partments. lation, including detailed circula- 
Ms tion statements, subject to proper 

3 lo eliminate, in so far as pos- and authentic verification. 

tVe sible, his personal opinions 


from his news columns, but to 8 To co-operate with all organi- 

be a leader of thought in his edi- * zations and individuals en- 

torial columns, and to make his gaged in creative advertising 
criticisms constructive. work, 

4 7 sation: te publish 6 puffs,” Q. To avoid unfair competition. 

¢ free reading notices or paid 

“ write-ups; ” to keep his read- 10 To determine what is the 

a 


ing columns independent of adver- highest and largest function 


tising considerations, and to meas- of the field which he serves, 
ure all news by this standard: and then to strive in every legiti- 
“Is it real news? ™ mate way to promote that function. 




















If you have read the foregoing standards, there is not much left to be said, except to tell you that 
these principles are present day realities and not merely beautiful ideals for future attainment. 


THE ASSOCIATED BUSINESS PAPERS, © 


The International Association of Trade, Technical and Class Publications 


220 WEST 42nd STREET NEW YORK CITY 
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CLOTHING FOR AVIATORS 


— WATERPROOF 








WE ARE SPECIAL- 
ISTS IN THE MAN- 
UFACTURE OF 


AERONAUTICAL 
RUBBER 
GOODS 


AVIATORS’ SHOES 
Light 
Flexible—W aterproof 
Non-Slipping 





WINDPROOF —— WARM 


UNITED STATES RUBBER COMPANY 


1790 Broapway, NEw York 





WE ARE PRE- 
PARED TO FUR- 
NISH THE VERY 
HIGHEST GRADE 


BALLOON 
FABRICS 


In Various Textures, 
Weights and Colors. 


GASOLINE HOSE 
MATTING 
SHOCK ABSORBERS 
Both Ring and Cord 


























AEROPLANE 


ESPECIALLY MADE TO YOUR OWN REQUIREMENTS 




















We are at present manufacturing for the 
largest aeroplane manufacturers both 
here and abroad our high grade tubing 
made to any contour and thickness of 
wall on short notice. 


We have exceptional facilities for almost 
over-night deliveries. 


Steel tubing made for all requirements. 





Send us your inquiries. 





The Empire Art Metal Co., 


College Point, N. Y. 


TUBING 


Inc. 
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The Company’s new plant is equipped 
with the most modern facilities for filling 
orders for aircraft of 


Standard and 
Special Designs 


Land and water flying at door of factory 


Main Office and Factory: 
Lincoln Highway, near Passaic River 
Telephone Market 9096 


New York Office: 17 Battery Place 


Telephone Rector 2461 












=> BENSIST— 
Four Standard Models 


Single and Twin Motored 


Three to Seven Passengers 


Holder of many World and American 
Records 


Six Years Practical Experience 


Land and Water Airplanes 


On application by interested parties, we will submit 
specifications on triple and four motored machines car- 
rying as many as twenty passengers, and guarantee 
performance. 


Benoist Aeroplane Company 
SANDUSKY, OHIO 





















ONE YEAR—24 ISSUES—ONE DOLLAR 


AVIATION AND AERONAUTICAL ENGINEERING 


The COURSE IN AERODYNAMICS AND AEROPLANE 
DESIGN, by the Instructors in Aeronautics in the Massachusetts 


Institute of Technology. 


SPECIAL TECHNICAL ARTICLES written by the leaders in the 
Profession on Every Phase of AERONAUTICAL PROGRESS. 


POPULAR AERONAUTICAL ARTICLES in Every Issue, IIlus- 
trated by the BEST PHOTOGRAPHS and LOTS OF THEM. 


All the REAL NEWS of the Industry and of the Aviators presented 


in Condensed and Attractive Form. 


The Doings of the AERO CLUBS and all the FEDERAL and 
STATE MILITARY and NAVAL NEWS. 


THE GARDNER, MOFFAT COMPANY 


120 West 32d St., New York 
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INDIAN—the Emergency Motorcycle 


It is its never failing ability to produce the great- 
est sustained speed, power, and all-round de- 
pendability in emergencies denianding positive 
and instantaneous performance that gives first 
consideration to the 1917 


yuuuan Motocycle 
With Powerplus Motor 


Demonstrations of 1917 Indian models will 
gladly be arranged -for interested military 
officials. 


Illustrated 1917 Indian Catalog and other de- 
scriptive literature sent anywhere on request. 


HENDEE MANUFACTURING COMPANY 


(Largest Motorcycle Manufacturers in the World) 
859 STATE ST., 


SPRINGFIELD, MASSACHUSETTS 
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Aluminum 


| Aviation Barometer 


Made in United States. 
Movement compensated to overcome changes in temperature. 
Dial revolves so zero of altitude can be set at the hand at 
start of flight without suowing error, as scale is equally 
divided. 
Supplied to U. S. Navy, U. S. Signal Corps, leading manu- 
facturers and to different Foreign Governments. 
In material, workmanship, pride of manufacture, no effort 
is lost, no expense spared to make this Barometer worthy 
of the Tycos Reputation. 
Let us submit information on this Barometer as well as on 
Inclinometers and Pocket Altitude Barometer—the purchasing 
we leave to your discerning judgment. 








'| Rochester, N. Y. 





Taylor [Instrument Companies 
U. S. A. 


4 For sixty years makers of scientific instruments of superiority 














THE 
GENERAL ORDNANCE COMPANY 


NON-RECOIL GUN 


There are hundreds of these guns 
being used Abroad in the War on 


AIRPLANES 
MOTOR BOATS 
AUTOMOBILES 


SOLE MANUFACTURERS (DAVIS PATENTS) 


THE GENERAL ORDNANCE COMPANY 
DERBY, CONN., U. S. A. 




























The Buck Automatic 
Aerial Torpedo, 


FTER a series of tests in Colorado, the 

Buck Aircraft & Munition Co., who own 

and contro] the Buck Automatic Aerial 
Torpedo Patents, are prepared to negotiate with 
Governments and other parties for production 
on a quantity basis. 
The Buck Automatic Aerial Torpedo is an air 
craft equipped with a 50 H.P. Motor, and de- 
signed to carry explosives through the air to any 
distance up to thirty miles. A time controlled 
release drops the torpedo at any given distance. 
The entire equipment is automatic and is 
launched from a compressed air catapult 
mounted on a motor truck, the engine of which 
furnishes the air for the catapult. 
The torpedo can be fired at any range and at 
any degree of the compass. 
The launching of the torpedo is without shock, 
and consequently the most dynamically explosive 
materials can be carried. 





The Buck Gravity Stabilizer will be used on all 
machines manufactured by the company. 


The Buck Aircraft & Munition Co., Inc. 


Ernst and Cranmer Building 
Denver, Colo. 
Address all Correspondence to 


ew York Office 
Room 327, 42nd St. Building 
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Factors of Safety 


These Count in Aeroplane Construction 


NON-INFLAMMABLE 


Cellulose Acetate Base 


Gelestion Gloth Varnishes 


provide another SAFETY FACTOR 


NON-INFLAMMABLE 


Celestion sheets «s° Films 


Transparent — Waterproof 
MANUFACTURED BY 


Chemical Products Company 
93 Broad Street Boston, U.S. A. 


Manufacturers of Cellulose Acetate for nearly 15 years 
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Fahrig Anti-Friction Metal 


The Best Bearing Metal on the Market 
A Necessity for Aeroplane Service 


Fahrig Metal Quality has become a stand- 
ard for reliability. We specialize in this 
one tin-copper alloy which has superior 
anti-friction qualities and great durability 
and is always uniform. 


When you see a speed or distance record 
broken by Aeroplane, Racing Automobile, 
Truck or Tractor Motor, you will find 
that Fahrig Metal Bearings were in that 
motor. 


FAHRIG METAL C€0.,34 Commerce St., N.Y. 
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ERVICE is as important a factor in selling as 

advertising. Besides merely placing our 

name before you and telling of our product we 
must exhibit our service to you. 


The Army and Navy and the largest manu- 
facturing companies are using Radium Lumi- 
nous Material on electrical devices, clocks, 
revolution indicators, altimeters, range scales, 
gages used at night, on fish bait and on wrist 
and pocket watches. 


A spot or figure painted as we would paint it 
shines in the dark continuously, requiring no 
maintainance over a period of years. 


To our customers we have given a practical 
demonstration of real service. This we can 
give you, too, as well as greatest luminescence 
and reasonable prices. Our field is continuously 
enlarging. 


Let us experiment for you at our expense. 


We say this now; let us prove it. 





RADIUM LUMINOUS MATERIAL CORPORATION 
55 LIBERTY STREET, NEW YORK 














TURNBUCKLES 


of the 


Highest Quality 


Bolts and Nuts 


to Satisfy the Most 
Exacting Requirements 


Standard Screw Co. 


(of Pennsylvania) 


CORRY, PA. 
New York Office: Woolworth Building 
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AIRPLANE CRANKSHAFTS 


With a Perfect Record 
WYMAN-GORDON COMPANY 








Every precaution known to science 
to safeguard quality is found WORCESTER, MASS.., U. S. A. 
in our factory methods. ESTABLISHED 1883 











A POPULAR PRICE LAND OR WATER PLANE 


| 





TWO 
PLACE 
LAND 
MODEL 
$3,000 


TWO 
PLACE 
WATER 
MODEL 
$3,100 











KYLE SMITH AIRCRAFT CO., -- -- WHEELING, W. VA. 








OUR SPRUCE LOGS 


Are perhaps the best on the Pacific 
Coast. Our facilities for supplying 
Air-plane Spruce are unsurpassed. 


A. C. DUTTON LUMBER CORPORATION 





Mills General Sales Department Wharves, Warehouses 
SOUTH BEND, WASH. SPRINGFIELD, MASS. and Storage Yards 
TACOMA, WASH. POUGHKEEPSIE, N. Y. 











MOTOMETER 


MOTOR HEAT 
INDICATOR 


AN ESSENTIAL SAFETY 





Airplane Cylinder Forgings 


We make a specialty of hollow forging in dies, air- 
plane cylinder forgings, of high and low carbon O. H. 
or alloy steels. 

Also propeller hubs, flanges, shafts, etc. 

Miscellaneous hammer and hydraulic press die forg- 














DEVICE FOR ings of all types. 
AIRPLANES COURTES Y—QUALIT Y—SERVICE 
FOREWARNS OVERHEATING . ont are 
15 Wilbur Ave. TIOGA STEEL & IRON COMPANY 
THE MOTO-METER CO., Inc. mag Bg omy 52nd and Grays Ave. Philadelphia, Pa. 
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Erie Specialty Co. 
Erie, Pa. 


Manufacturers 


AIRCRAFT METAL PARTS, 
BOLTS, NUTS, CLEVIS PINS, 
SHACKLES, EYE BOLTS, MA- 
CHINE SCREWS, ETC., ETC. 


Fittings, Forgings, 
Castings 
We are increasing our equipment in 
every department—foundry, forge 


shop, stamping, automatic screw 
machines, tool and die shop. 


All our products are rigidly in- 
spected and meet all Government 
requirements. 


Are you on our catalog mailing list? 





COUNTERBALANCED 


Patent applied for 













WE HAVE SHIPPED 40624 
COUNTERBALANCED 
CRANKSHAFTS 
up to 
April 9th, 


1917 


AVIATION 
CRANK SHAFTS 


WE ARE SERVING 
11 AVIATION MOTOR 
COMPANIES MAKING 16 
DIFFERENT MODELS. 


WE HAVE SHIPPED 3440 
{VIATION CRANKSHAFTS 
EVERY SHAFT GUARANTEED 


The Park Drop Forge Co. 


Cleveland 








Aeroplane Linen 


USED by the BRITISH GOVERN- 
MENT in their air service; also by the 
UNITED STATES GOVERNMENT 
and Large Aeroplane Manufacturers 


Samples and Specifications sent on application 


Robert McBratney & Company 


Linen Manufacturers and Importers 


121-123 Franklin Street, New York 
and at Belfast, lreland 

















The Perfect Starter 


Tested and Approved by United States, British, 

Dutch, Norwegian and Swedish Governments 
A device convertible to an air motor for start- 
ing, or an air compressor for storing in a suitable 
tank the air for its own energy. Entirely self- 
contained and couples direct to crankshaft of 
engine without gear reduction or any adaptation 
other than a suitable coupling. 


Model (—For starting 

engines up Write for 
to 250 H.P. Weight 39 ec let to 150 H.P. Weight 34 
Ibs.—complete with fit- complete  ibs.—complete with fit- 
tings for single engine 70 information tings for single engine 58 
Ibs.; twin engines 1101bs. Ibs.; twin engines 96 lbs, 


The Motor-Compressor Co., Newark, N. J., U.S.A. 


Model D—For starting 


engines up 








A Limited Number of Bound Volumes of 


AVIATION 


AERONAUTICAL ENGINEERING 


(440 Pages) 


Containing First Twelve Installments 
of the Twenty-four Part Course in 


AERODYNAMICS AND 
AIRPLANE DESIGN 


Are Now Available at $3.00 per Volume 


THE GARDNER, MOFFAT COMPANY, Ine. 
120 WEST 32d STREET, NEW YORK 
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“CHELSEA” 


EIGHT-DAY, HIGH-GRADE 


SHIP’S BELL 
CLOCKS 


And Non-Striking Clocks — Practically Waterproof 
Cases, for use on YACHTS, STEAMSHIPS, 
MOTOR BOATS, HOUSEBOATS, Etc., and 


AEROPLANES and SEAPLANES 


ALSO our (pate: ~ d) ype ng SHIP’S BELL — 
The ae dys om min. 6 operates large bell forwar 
aniie tio ma “s st-u up-to “da te accessory. 


And, Clocks for Finest Residences, 
Clubs and Automobiles 


The Steaderd of the World 


On Sale by Highest Class Jewelers 


and Dealers in Nautical Instruments 























CHELSEA CLOCK CO., 16 State St., BOSTON, MASS. 
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Aeroplane 
Lumber 
Specialists 


Alaska Spruce 
Black Walnut 


Tough White Ash 


CHETHAM LUMBER CO., Inc. 
20 Exchange Place New York 


Telephone, Hanover 6628 

















WILLIAMS AVIATION ob 











Dual Dep Control Tractors 


Tuition and Expenses Low 








WILLIAMS AEROPLANE CO. 


FENTON, MICH. 














WE ILLUMINATE 
INSTRUMENT DIALS 


WITH “LUMA’’—-BEST LUMINESCENCE 





Permanently Visible in 
the Dark 





Specify “LUMA DIALS” to 
Your Instrument Maker 








RADIUM DIAL COMPANY 
Forbes & Meyran Aves., Pittsburgh, Pa, 


























FOR SALE 


Three used 100 H. P. 6 Cyl. 


HARRIMAN MOTORS 


Harriman Motors Co. 
South Glastonbury, Conn. 
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Heavy Elastic Aviation Cord 


We manufacture a full and complete 
line of heavy elastic aviation cord. 


We are the originators and the 


largest manufacturers in the world 
of heavy elastic cord. 

















Standard H-3 equipped with our cord 


J. W. WOOD ELASTIC WEB CO. 
STOUGHTON, MASS. 





Sanders Co. 


ESTABLISHED 1905 


Manufacturers of 


AVIATORS’ 
CLOTHING 


Cravenette, Waterproof Can- 
vass Duck, Government Khaki, Extra 
Heavy Russian Linen, Army White 
Duck Suits and Hoods 
Made to Order 





Leather 


Write for Catalog and Samples 


Sanders Co. 
218% Indiana Ave. 





Indianapolis, Ind. 























FOXBORO 


TRACE MARK 


AIR SPEED 
INDICATOR 


Forewarns and 
Prevents Stalling 


Accurately indicates the relative 

wind pressure, the force that 
holds the plane in the air. 
Light and compact. 

Send for Bulletin No. BlI-rro. 


THE FOXBORO CO., Inc. 
FOXBORO, MASS., U. S. A. 
New York Chicago 


San Francisco 














Magnalite Pistons 


(Aluminum Alloy) 
Used as STAND- 
ARD by the most 
prominent Aviation 
Motor Manufactur- 
ers in the United 
States and abroad. 
WALKER M. LEVETT 
COMPANY 
117-419-421 E. 23rd St., 
NEW YORK. 














STATEMENT OF THE OWNERSHIP, MANAGEMENT, CIRCULATION, 
ETC., REQUIRED BY THE ACT OF CONGRESS OF AUGUST 4%, 
1912, of AVIATION AND AERONAUTICAL ENGINEERING, published semi-monthly 


at New York, N. Y., for Aprit 1, 1917. 


State of New York a 
County of New York 


Before me, a Notary Public, in and for the State and county aforesaid, per 
sonally appeared Lester D. Gardner, who, having been duly sworn according t0 
law, deposes and says that he is the President and Editor of the Gardner, Moffat 
Co., Ine., Publisher of Aviation and Aeronautical Engineering and that the following 
is, to the best of his knowledge and belief, a true statement of the ownership, 
management, etc., of the aforesaid publication for the date shown in the above 
caption, required by the Act of August 24, 1912, embodied in section 443, Postal 
Laws and Regulations, to wit 


1. That the names and addresses of the publisher, editor, managing editor, 
and business managers are: 


Publisher, The Gardner, Moffat Company, Inc., 120 West 32nd St., New York, 
N. Y.; Editor, Lester D. Gardner, 120 West 32nd St., New York, N. Y.; Managing 
Editor, Herbert S. Williams, 120 West 32nd St., New York, N. Y.; Business Max 
ager, Lester D. Gardner, 120 West 32nd St., New York, N. Y. 


2. That the owners are: (Give names and addresses of individual owners, of, 
if a corporation, give its name and the names and addresses of stockholders owning 
or holding 1 per cent or more of the total amount of stock.) 


The Gardner, Moffat Company, Inc., 120 West 32nd St., New York, N. Y.; 
Lester D. Gardner, 120 West 32nd St., New York, N. Y.; William I. Seamat, 
20 Exchange Place, New York, N. Y.; William D. Moffat, 222 Fourth Ave., New 
York, N. Y.; Joseph H. Coit, 120 West 32nd St., New York, N. Y 


3. That the known bondholders, mortgagees, and other security holders owl 
ing or holding 1 per cent or more of total amount of bonds, mortgages, or other 
securities are: None. 


4. That the two paragraphs next above, giving the names of the ownels, 
stockholders, and security holders, if any, contain not only the list of stockholders 
and security holders as they appear upon the books of the company but also, 
cases where the stockholder or security holder appears upon the books of the 
company as trustee or in any other fiduciary relation, the name of the person of 
corporation for whom such trustee is acting, is given; also that the said two part 
graphs contain statements embracing affiant’s full knowledge and belief as to the 
circumstances and conditions under which stockholders and security holders who 
do not appear upon the books of the company as trustees, hold stock and securitiet 
in a capacity other than that of a bona fide owner; and this affiant has no reason 
to believe that any other person, association, or corporation has any interest dir 
or indirect in the said stock, bonds, or other securities than as so stated by him. 


LESTER D. GARDNER. 


Sworn to and subscribed before me this twenty-ninth day of March, 1917. 
(Seau.] MANGHILD A. LINDBLOM. 
My commission expires March 30, 1918. 
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Aeromarine 
Plane & Motor Co. 


Aeroplanes ana Motors 





New York Office: 


Telephone, Bryant 6147 


Times Building 











For Your Flying 
< Boats Use 








All the prominent builders 
of fiving boats use this glue in 
combination with linen between 
the veneer of the diagonal 
planking on all their flying 
boats, pontoons and floats. It 
is not onlv waterproof and elas- 
tic but will waterproof and pre- 
serve the linen indefinitely. 
Experience has shown that when 
this glue is used, owing to its 
elasticitv, the inside layer of 
diagonal planking will remain 
perfectly water tight although 
the outside layer may be badly 
broken. 


L. W. Ferdinand & Co. 


152 Kneeland Street 
Boston, Mass., U.S. A. 




















BOSTON, MASS. 
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ZSCOILSZ, 
NACL) DW Nat By (OPER) 


are correctly designed with the highest 
quality materials and workmanship. 
Write for catalog of 6 and 12 cylinder models. 


WISCONSIN MOTOR MFG. CO. 


Station A. Dept. 338. Milwaukee, Wis., U. S. A. as 








C. A. Herrmann 


DESIGN AND CONSTRUCTION 


Covering All Branches of Aviation 


Bath, N. Y. 














EXCELSIOR PROPELLERS 





They are superior to 
They are used extensively by 

Large stocks and prompt 
THE BEST AT THE 
BOOKLETS FREE. 


The propeller without an equal. 
any propeller produced. 

all the leading Aviators. 
shipments. NO GRADES. 
SAME PRICE FOR ALL. 


EXCELSIOR PROPELLER COMPANY 


ST. LOUIS, MO. 





MAXIMOTOR 


IN A CLASS BY ITSELF 





HE simplicity of our design, coupled with 
our eight years’ practical experience con- 
structing aviation motors, and the un- 

limited facilities at our command because of 
our location in Detroit—the heart of the motor industry 
in America—enable us to produce a motor that is right 
at a price that is right. 

Send for Particulars 


MAXIMOTOR COMPANY 
1530 E. Jefferson Ave., Detroit, Mich. 














Classified 


10 cents a word, 


AVIATION AND AERONAUTICAL ENGINEERING, 120 West 





———————— 


Advertising 


minimum charge $2.00, payable in advance, 
32d Street, 


Address replies to advertisements with bex numbers, care of 
New York. 











WANTED, Anzani, 


Gnome or Gyro engine from 45 H. P. up. 
Address Box $1. 








FOR SALE. One Model C-4 45 H. P. Kirkham motor, in 
—— C ondition, hi . ing had less than twenty hours’ service. 
rice $500. Address H. L. Lewis, 1 eoples Gas Bldg., Chicago, Tl. 


ee 





WANTED. 
experience 
of factory. 
experience 


airplane factory in Middle West wants man with 
in handling employes and capable of taking charge 

Also needs draftsmen, glue-men and men with 
in assembling. Address Box 28. 





FOR SALE, 
Cheap. Also one 7% ft. dia. by 
and pair of Rome-Turney side radiators. 


Flying boat suitable for training. Good flyer. 
514 ft. pitch. tractor propeller 
Address Box 10. 





YOUNG MAN of twenty wants to learn aviation. Wishes to 
get in with a good company or private party. Address Box 25. 





FOR SALE, 
Cheap for cash. 


6 cyl. 50 H. P. Kirkham engine. Good shape. 


Address Box 30. 
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AVIATION AND AERONAUTICAL ENGINEERING will furnish information and addresses of all companies listed below. Names of 
Advertisers in this issue are printed in heavy face type. 
| 
ACETYLENE WELDING AND BALLOONS AND ODIRIGI Gaskets SCELEROSCOPE 
CUTTING BLES Fibre Finishing Co Shore Instrument & Mfg. Co, 


Davis-Bournonville Co. 
Searchlight Co. 


ACCESSORIES AND INSTRU- 
MENTS 


DuVivier, Earnest J, 
Moto-Meter, The, Co. 

O’Hara Waltham Dial Co. 
Standard Aeronautical Co. 
Taylor Instrument Companies 


AIRPLANES 
Aeromarine Sales and Engineering 
Corp. 
Bates Aeroplane Co. 
Benoist Aeroplane Co. 
Burgess Co., The 
Carter Bros. Aeroplane Co. 
Cooper, John D., Aeroplane Co. 
Chicago Aero Works. 
Christofferson Aircraft Mfg. Co. 
Curtiss Aeroplane and Motor Corp. 
Gallaudet Aircraft Corp. 
General Aeroplane Co. 
Heath, E. B., Aerial Vehicle Co 
Heinrich, The A. S. Corp. 
Herrmann, Chas. A. 
International Aircraft Co. 
Janney Aircraft Co. 
L. W. F. Engineering Co. 
Lanzius Aircraft Co. 
Lawrence-Lewis Aeroplane Co 
New Jersey Aeroplane Co 
New York Aero Construction Co. 
Pacific Aero Products Co. 
Pierce, Samuel S., Aeroplane Corp. 
Rumsey Aeroplane Co. 
Smith, Kyle, Aircraft Co. 
Standard Aero Corporation. 
Sturtevant Aeroplane Co. 
Thomas-Morse Aircraft Corp. 
United Eastern Aeroplane Co. 
Williams Aeroplane Co. 
Wittemann-Lewis Aircraft Co. 
Wright-Martin Aircraft Corp. 


AIRPLANE ENGINES 
Aeromarine Plane and Motor Co. 
Ashmusen Mfg. Co, 

Atwood Aeronautic Co. 
Bournonville Motors Corp. 
Brooke, Thomas Preston. 
Christofferson Motor Corp. 
Curtiss Aeroplane and Motor Corp. 
Duesenberg, Fred S., Motor Co. 
General Ordnance Co. 

General Vehicle Co. 

Gyro Motor Co. 

Hall-Scott Motor Car Co. 
Harriman Aircraft Motors Co., Inc. 
Knox Motors Co. 

Maximotor Co. 

Miller, Harry A., Mfg. Co. 

New Jersey Aeroplane Co. 

Orlo Motor Co. 

Packard Motor Co. 

Roberts Motor Mfg. Co. 

Sterling Engine Co. 

Sturtevant, B. F., Co. 

Taft Pierce Mfg. Co 
Thomas-Morse Aircraft Corp. 
Union Gas Engine Co. 

Wisconsin Motor Mfg. Co. 
World’s Motor Co. 
Wright-Martin Aircraft Corp. 


AIRPLANE PARTS 


Chicago Aeronautical Supply Co. 
Erie Specialty Co. 


ALUMINUM 


Aluminum Castings Co. 

Aluminum Co, of America 

American Metal Co., Ltd. 

So-Luminum Mfg. & Eng. Co. 
(Solder) 


AVIATION SCHOOLS 
America Trans Oceanic Co., The 
Beam School of Aviation 
Christofferson Aviation School 
Curtiss Training Schools 
Davenport Aviation School 
Dodge School of Aviation 
Hall Flying School 

Stinson School of Aviation 
Thomas-Morse Aircraft Corp. 
Williams Aviation School 


BALL BEARINGS 


Hess-Bright Mfg. Co. 

New Departure Mfg. Co. 
Norma Company of America. 
8S. K. F. Ball Bearings 


Connecticut Aircraft Co 

Custer Specialty Co. (Statoscope) 

French-American Balloon Co 

Goodyear Tire and Rubber Co. 

Janney-Steinmetz and Co. (Hy- 
drogen Cylinders) 

United States Rubber Co. 


BAROGRAPHS AND BA- 
ROMETERS 

Green, Henry J. 

Haustetter, A 

Sussfield & Lorch 

Taylor Instrument Companies 


BATTERIES 


Electric Storage Battery Co. 


BEARING METALS 
American Bronze Co 
Fahrig Metal Co. 
Magnolia Metal Co. 


CARBURETORS 

Miller Carburetor Co. 
Stromberg Motor Devices Co. 
Wheeler and Schebler 
Zenith Carburetor Co. 


CLOCKS AND WATCHES 
Ingersoll, Robt. H., and Bro. 
Chelsea Clock Co. 

Depollier, J., & Son 

Waltham Watch Co. 


CLOTHING 

Abercrombie & Fitch 
Cross, Mark 

Meyrowitz, E. B. (goggles) 
N. Y. Sporting Goods Co 
Rogers, Peet & Co. 
Sanders Co. 

Spaulding, A. G., & Bros 


COMPASSES 
Sperry Gyroscope Co. 
Taylor Instrument Companies 


DOPE AND VARNISH 
Adams & Elting Co, 
American Emaillite Co. 
Chemical Products Co. 
Conover, The C. E., Co 
DuPont Chemical Works 
Flexible Compound Co 
National Aeroplane Co 
Pratt & Lambert 
Standard Varnish Works 
Valentine & Co. 


DRIFT INDICATOR 


Sperry Gyroscope Co. 


DYNAMOMETER 


Sprague Electric Works 


ENGINE PARTS 
Allegheny Forging Co. 
Burd High Compression Ring Co 
Doehler Die Casting Co. 
Erie Specialty Co. 

Fibre Finishing Co. 

Gifford, Leland Co. 

Gill, P, H., & Sons 
Hydraulic Pressed Steel Co. 
Levett, Walker M.. Co. 
Park Drop Forge Co. 
Standard Parts Co. 
Taft-Pierce Mfg. Co 

Tioga Steel & Iron Co. 
Williams. J. H., & Co 
Wyman-Gordon Co. 


EXHIBITION COMPANIES 
The Cessna Exhibition Co. 
Granburg, Gustav 

Miller Aeroplane Co. 
Weeks-Smalley Co, 


FABRICS 

Courtrai Mfg. Co. 

Lamb, Finlay & Co. 
McBratney, Robt. & Co. 
Scott, Hutchison Co. 
Whitman, Clarence & Co. 


FIRE EXTINGUISHERS 
Fyr-Fyter Co., The 
Johns-Manville Co., H. W. 
Pyrene Mfg. Co. 


GLUE 

Ferdinand, L. W., & Co. 
GAGES 

Crosby Steam Gage & Valve Co. 
Foxboro Co., The, Ine. 

United States Gage Co 


HANGARS 


American Bridge Co. 

Anchor Corrugating Constr. Co 
Ashley Steel Bldg. Co. 

Howell, Field & Goddard, Inc. 
Keasby & Mattison 

Milliken Bros. 


LIFE PRESERVERS 
Universal Safety Mattress Co 


LUMINOUS COMPOUND 
Cold Light Mfg. Co. 

Radium Dial Co. 

Radium Luminous Material Corp. 


MAGNETOS 

Bosch Magneto Co 
Berkshire Magneto Corp 
Ericsson Mfg. Co. 

Remy Electric Co 
Splitdorf Electrical Co 


METALS 

American Vanadium Co. 

Acieral Co. of America (Alumi- 
num Steel) 

Bethlehem Steel Co. 

Detroit Pressed Steel Co. 

Federal Pressed Steel Co 

Garland Ventilator Co 

Gueder, Paeschke & Frey Co. 


MODEL AIRPLANES 
Ideal Aeroplane Supply Co. 
Wading River Mfg. Co. 


MOTORCYCLES 

Excelsior Motor Mfg, Supply Co. 

Harley-Davison Co. 

Hendee Mfg. Co. 

Militare Motor 
America 


OILS AND LUBRICANTS 
Baker Castor Oil Co. 

Graphite Lubricant Co. 

Gulf Refining Co. 

Sheppard Ideal Oil Co. 
Standard Oil Co. 

Texas Co, 

Vacuum Oil Co 


OIL PUMPS 


Wayne Oil Tank & Pump Co. 


ORDNANCE 

Buck Air Craft and Munitions Co. 
Colt Firearms Co. 

Driggs-Seabury Ordnance Corp. 
General Ordnance Co. 

Maxim Silencer Co. 

Savage Arms Co. 


PACKING 


Fibre Finishing C<¢ 


PHOTOGRAPHY 
Brock, Arthur, Jr 
Herbert & Huesgen Co. 


PONTOONS 


Niagara Boat Co. 
Welen Marine Equipment Co 


PROPELLERS 

American Propeller & Mfg. Co. 
Aviauto Mfg. Co. 

Buffalo Aeroplane Corp. 

Cc. M. O. Physical Laboratory 
Excelsior Propeller Co. 
Washington Aeroplane Co. 


PYROMETERS 

Foxboro Co., The, Inc. 

Shore Instrument & Mfg. Co. 
Taylor Instrument Companies 


RADIATORS 

Ajax Auto & Aero Sheet Metal Co. 
A-Z Co. 

Bush Mfg. Co. 

El Arco Radiators Co. 

Livingston Radiator Co. 
Rome-Turney Radiator & Mfg. Co. 


Vehicle Co. of 


SEA SLEDS 


Murray & Tregurtha 


SPARK PLUGS 
Champion Ignition Co. 
Johns-Manville Co., H. W, 
Pyro Ignition Co. 

Rajah Auto Supply Co. 
Splitdorf Electrical Co. 


SPEED INDICATORS 


Foxboro Co., The, Ine. 


Stewart Warner Speedomete, 
Corp. 
STABILIZERS 


Greene Aeronautical Co. 
Martin Arodynamic Stabilizer. 
Sperry Gyroscope Co. 


STARTERS 

Bijur Motor Lighting Co. 

Christensen, The, Engineering Co 

Dayton Engineering Laboratories 
Co. 

Motor Compressor Co. 

Northeast Electric Co. 

Wagner-Hoyt Electric Co. 


TACHOMETERS 


Nelson Blower & Furnace Co, 
Queen-Gray Co. 

Stewart Warner Speedometer Corp 
Veeder Mfg. Co. 


TANKS 


Janney, Steinmetz & Co. 


TELEPHONES 


General Accoustic Co. (Aviaphone). 
Streator Electric Co. 
Telautograph Corp. 

Western Electric Co. 


THERMOMETERS 


Foxboro Co., The, Inc. 
Taylor Instrument Companies 


TIRES AND RUBBER 
Goodyear Tire & Rubber Co. 
Hodgman Rubber Co. 
United States Rubber Co. 
Ward, J. W., Elastic Cord Co. 
Whitley Exerciser Co. 


TOOLS 
Browne & Sharpe 
Cooper, The John D., Aeroplane 


Hall-Scott Motor Car Co. 
TRUCKS AND TRAILERS 


Federal Motor Truck Co, 
Four Wheel Drive Auto Co. 
Nash Motors Co. 

Packard Motor Car Co. 
Sechler & Co., The 

Service Motor Truck Co. 
White Co. 


TUBING 
Empire Art Metal Co. 
Frasse, Peter A., & Co. 


TURNBUCKLES 

Aero Mfg. & Accessories Co. 

Ajax Iron Works 

Cc. E. Aeroplane Works 

Dillner-Meyer Mfg. Co 

Erie Specialty Co. 

National Aeroplane Co. 

New York & Hagerstown Mell 
Stamping Co. 

Standard Screw Co. 


WHEELS 
Ackerman Wheel Co, 


WIRE 

American Steel and Wire Co. 
Electric Cable Co. 
Roebling’s, John A., Sons 
Simplex Wire and Cable Co. 


WIRELESS 

American Radio & Research Corp 
American Wireless Tel. Co. 
Cutting & Washington. 


WOODS 

Alcock Co., John L. 
American Balsa Corp. 
Chetham Lumber Co. 
Delatour, J. 

Dutton, A. C. Lbr. Corp. 
Ludlow, Israel 

Mengel, C. C., & Bros. Co. 
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THOMAS 135 H. P. AEROMOTOR 

ng Co 

‘atories 
With the increased facilities afforded by a new concrete steel factory 
and additional manufacturing equipment, we shall be able to meet 
the ever increasing demand for Thomas Aeromotors 

0. — 

r Corp 


Contractors to U. S. Army and Navy 


» | === THOMAS-MORSE AIRCRAFT CORPORATION S=> 


THOMAS BROS. AEROPLANE CO., Inc. 
Successors to THOMAS AEROMOTOR COMPANY, Inc. Ithaca, N. Y. 
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Metal BURGESS PRIMARY TRAINING TRACTOR, TYPE B. P. 


This machine was designed by W. Starling Burgess at the request of the United States Army 
for a primary training tractor airplane having a practical side by side seating arrangement with 
duplicate controls. 

This has been accomplished without sacrificing in the least the efficiency or appearance of the 
machine. 

It fills the urgent need found at present in the aviation schools—giving great range of control 
and allowing the instructor to be at side of the pupil during flight, thereby facilitating instruction. 

This has been proven very satisfactorily in experimental flights as well as in the official trials 
through which this machine passed with great success. 


THE BURGESS COMPANY, Marblehead, Mass. 


MANUFACTURERS OF THE BURGESS-DUNNE AND BURGESS SEAPLANES 
SOLE LICENCEES FOR THE DUNNE PATENTS 


. Corp. 





















































THE MARTIN TWO PLACE 
RECONNAISSANCE TRACTOR 


MODEL R 
Convertible Land and Water 


Ordered by 
the United States Army and Navy 


Wright-Martin Aircraft Corporation 









































